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INTRODUCTION

The United States is working its range lands to the limit to obtain
the greatest possible production of meat, leather, and wool for war.

At the same time, however, the President has said:

It is necessary in wartime to conserve our natural resources and keep in repair

our national plant. We cannot afford waste or destruction, for we must continue
to think of the good of future generations of Americans.

1 Submitted for publication June 1942.

2 The authors especially want to thank E. A. Goldman, senior biologist, Fish and Wildlife Service, for
his assistance in the field work and review and helpful suggestions in the preparation of the manuscript.
For their review and suggestions for the improvement of the manuscript the authors also want to express
appreciation to H. L. Shantz, chief, division of wildlife management; Glen Mitchell, wildlife management,
Region 6; M. A. Mattoon, assistant regional forester, Region 7 (all of the Forest Service); Stanley P. Young,
senior biologist, Fish and Wildlife Service; and Richard Gerstell, chief, division of research, Pennsylvania
Game Commission. To Randal McCain, now wildlife staffman on the Allegheny National Forest, goes
fcredilt11 for cleaning the skulls collected and for taking most of the photographs illustrating use of the dental
ormulae. .

Thanks are due the Measurements Section of the Branch of Research, Forest Service, for generously
furnishing the necessary computational aid in analyzing the data. In particular, the authors are grateful
to Miss Marion Sandomire, formerly of the Office of Information, United States Department of Agriculture,
not only for help in this connection but alsp for useful and stimulating suggestions on theoretical points.

482744—42——1 1



2 TECHNICAL BULLETIN 840, U. S. DEPT. OF AGRICULTURE

Full production therefore should go hand in hand with range protec-
tion and conservative management, but while much progress has been
made in the proper utilization of the range by livestock, the present
responsibility for managing deer herds falls on depleted staffs, and it
is essential that only the minimum work required for good manage-
ment be undertaken. This publication presents the results of a long
series of measurements and describes a simplified method which would
save an immense amount of effort on the part of management men.

Livestock operators, in addition to their observations of grazing
areas, are able to check range and animal productivity by the number
of young and the weights and prices obtained at the market. Sim-
ilarly, big-game managers have long been concerned with the deter-
mination of a method which would readily reveal the age classes and
quality of the herds. To this end, various workers have collected
information on one or more characters, such as weight, antler develop-
ment, and body measurements. Although these investigators have
developed some guiding principles, there still remained the problem
of testing all methods on a common sample. The study reported
here undertook to compare the several methods and through statistical
analysis to determine which was the most reliable.

The work was begun on the Allegheny National Forest in Penn-
sylvania because local hunters contended that the deer were getting
smaller. Over a 5-year period, 1935-39, a mass of data was obtained
on the white-tailed deer herd, records being taken on 1,787 deer and
including four antler measurements: Spread, circumference of main
beam, length of tines, and number of tines. The body measurements
taken were total length, length of tail, and length of hind foot. In
addition, dressed weight was recorded, and age was determined by
dental development and condition.

The statistical analysis revealed that the length of hind foot was
the most desirable measurement. It can be readily and accurately
taken, and the age can then be determined by simple reference to a
chart. From that information, the game manager can rapidly ap-
praise the condition of the herd, since, combined with sex determina-
tion, he will have the age classes and their relative physical quality.

The simplified method herein reported appears sufficiently accurate
for practicable deer-herd management in many localities, and every
effort has been made therefore to make it available during the war
period when it is seriously needed to prevent possible waste of animal
and plant resources (fig. 1).

Forest range resources within the last generation have yielded an
increasing crop of deer and elk, there being more deer now in some
areas than at any previously known time. On the national forests
alone, which contain about a third of the Nation’s deer, more than 31
million pounds of dressed venison can be harvested annually without
decreasing the breeding herds. This is equivalent to the annual
production of cattle and calves on farms in the States of Maine, New
Jersey, and Delaware.

Since it is clear that the war will materially reduce control by
hunting—the most useful method of controlling the deer herds—it is
highly desirable that expanding game populations be appraised so
that State game departments may take whatever action is necessary.
Control by nature—through starvation, disease, and kill by preda-
tory animals—is wasteful of meat and leather supplies that can pro-
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Figure 1.—It is necessary for the deer-herd manager to have a reasonably
accurate check on the increases and condition of the animals.

vide for many civilian and war needs. Obviously, management is
necessary, the traditional belief that deer and elk roam over vast
areas having been disproved during recent years by tagging and other
studies which have revealed that individual animals and herds in-
stinctively limit their search for food to the general localities in which
they were born. Thus, even before nature’s relentless processes
take effect, big game may damage shrubs, young trees, and other
browse plants to a point where animal-made deserts result, and finally
will compete for the range needed by domestic livestock.

Moreover, most of the plants browsed by deer are difficult to
re-establish and are slow in growth, so that once they have been
depleted, restoration of the good hunting associated with them
becomes an expensive, long-time, and tedious process. It is the ade-
quate, yet limited, attention and care that can be given within the
next few seasons which will obviate later costly and disheartening
correction on critical areas.

THE DEER HERD AND RANGE CONDITIONS

The results of the work reported in this bulletin reflect to some
degree the condition of both the deer herd and the area.
he Allegheny National Forest is located in northwestern Pennsyl-
vania and has a gross area of some 740,000 acres, with a net area of
some 500,000 acres of Government-owned land. The topography is
rolling and hilly, the altitude varying from approximately 1,000 to
2,000 feet above sea level. The forest is made very accessible by some
700 miles of Federal, State, and forest hichways, 300 miles of forest
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foot trails, and well over 500 miles of gas lines, oil pipe lines, and
telephone and power lines. More than 40,000 people reside within
the forest boundary. A few live on farms, but the majority make
their homes in numerous small towns and communities where they
are actively engaged in some one of the many industrial establish-
ments, such as sawmills, furniture factories, glass plants, tanneries,
and wood-distillation plants, or in some phase of the petroleum indus-
try, as the forest contains thousands of oil and gas wells.

White pine, hemlock, and hardwoods originally covered the area.
Early logging operations took the white pine, then the hemlock, and
later the hardwoods. At the present time 43.5 percent of the timber
on the Government-owned land falls in the 0-20-year age class, 40.5
percent in the 21—40-year age class, and 11 percent in the 41-80-year
age class. A total of 84 percent is in the younger age classes (0—40
years). Prior to Government ownership, a good part of the total acre-
age, especially in the southern half of the forest had been burned over
several times. The cover on such areas consists of poorer timber
species, principally aspen (Populus tremuloides and P. grandidentaia)
and pin cherry (Prunus pensylvanica) with a ground cover of bracken
fern, goldenrod, mosses, lycopodium, and grasses. Thousands of acres
on the forest support scanty growth of these species (figs. 2 and 3).
The cut-over areas that have not been too severely burned would
normally come back to good stands of hardwoods. Excessive deer
browsing interrupts the natural succession of forest cover and may
have a detrimental effect on the resulting stand.

The forest type is commonly known as the “northern hardwood”
and varies in composition, but the characteristic species are: Beech
(Fagus grandifolia), yellow birch (Betula lutea), black birch (Betula
lenta), and sugar maple (Acer saccharum). Mixed with these principal

F 31905

Figure 2.—Winter. Typical growth (aspen and pin cherry) on the Allegheny
Forest after repeated burns. It is low in winter carrying capacity for deer.
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Ficure 8.—Early spring. This picture shows typical older growth (mostly pin

chex('iry but some aspen) after repeated burns. It is low in carrying capacity
for deer. .

species are: Black cherry (Prunus serotina), white ash (Frazinus
americana), oaks (Quercus sp.), yellowpoplar (Lirtodendron tulipifera),
cucumber (Magnolia acuminata), American basswood (Tilia ameri-
cana), hickory (Caryae sp.), soft maple (Acer rubrum), black tupelo
(Nyssa sylvatica), and elm (Ulmus sp.). The following species are
also found: Water beech (Carpinus caroliniana), alder (Alnus sp.),
serviceberry (Amelanchier canadensis), sassafras (Sassafras officinale),
striped maple (Acer pensylvanicum), viburnum (Viburnum sp.),
dogwood (Cornus sp.), ironwood (hophornbeam) (Ostrye virginiana),
and witch-hazel (Hamamelis virginiana).

Various mixtures of the above species occur, depending upon site.
On the higher ridges there exists a subtype containing higher per-
centages of oak, hickory, and black tupelo. Chestnut, prior to the
blight, was common in this subtype. Sprouts from old stumps still
persist but are annually blighted back.

The estimated deer population on the forest during the period of
the study is shown in table 1.

In December 1938, Pennsylvania had a State-wide antlerless deer
hunting season of 6 days, and some 24,000 animals were killed on the
Allegheny Forest. This heavy kill, however, did not equal the annual

TABLE 1.—The estimated size of the deer herd on the Allegheny National Forest at
the close of the hunting season by years for the 5-year period 1935-39

Estimated | Deer per Estimated | Deer per

Year population | 1,000 acres Year population | 1,000 acres

1935 .. 23, 000 31.25 |1 1938 ... 40, 000 55,07
1986, . 39, 000 52.50 |1 1989 . ___ .. 37,000 50.90
1937 . 43,000 58.00 .
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increase for the 2 previous years, which demonstrates the difficulty of
controlling extremely heavy deer populations by hunting. In 1937
the average for the forest was 1 deer to every 17 acres, and on areas of
heavy concentration, particularly in the southern part of the forest,
it was estimated that there was 1 deer to every 5 or 6 acres. The best
estimate for proper stocking of the forest range is probably 1 deer for
every 40 to 50 acres, or a total of some 15,000 deer. With an average
population of 1 deer to every 18 acres for the last 5 years and excessive
populations prior to that time, it is probable that the herd should be
reduced to at least 10,000 animals in order to permit normal recovery
of food and cover plants. The average area on the forest shows a
definite deer line and such species as hemlock, soft maple, rhododen-
dron, laurel, devil’s-walkingstick, and sumac have in many places
been killed out by overbrowsing (fig. 4).

Since 1938, on a good part of the forest the deer have consumed
their supply of summer food early and have begun to eat their winter
food before the normal time. This has resulted in rather heavy winter
loss even during mild winters, such as 1936-37 and 1937-38. The
two successive antlerless deer-hunting seasons (1938 and 1939) greatly
reduced the herd in the southern part of the forest, but at the close of
the 1939 season, there remained morc deer than the depleted environ-
ment could carry and recover. Since 1938, a rapid increase in the
northern herd has been very evident, and in 1939 it was estimated
that this herd was rapidly approachmg the 1937 peak of the southern
herd (an average of 1 deer to cvery 17 acres and 1 to every 5-6 acres
on concentration areas).

Reforestation on thousands of acres of burned-over land on the
Allegheny Forest has been materially affected by deer browsing, which
occurs principally during the winter months. Deer damage on plan-
tations runs as high as 94 percent.?

F 408759
F1cuRE 4.—Hemlock heavily browsed by deer. The ‘‘deer line’”’ is very evident.

3 VAN NORT, A. C. DEER AND RABBIT DAMAGE STUDY—ALLEGHENY NATIONAL FOREST. Third Annual
Progress Report U. 8. Forest Serv., 8 pp. 1937. {Unpublished.]
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The planting of wildlife food species to alleviate the food shortage
was unsuccessful because the deer ate the plants almost as fast as they
were planted. A reduction in the number of deer must precede any
plan to rehabilitate the environment on the Allegheny National Forest.

Winters in the area are cold with an average annual snowfall of
about 50 inches, but ordinarily the snow does not lay deep in the
woods. Deer do not “yard up” as they do farther north, but during
severe cold weather and deep snow, such as occurred in 1935-36, they
concentrate on the areas providing the best shelter, principally in
hemlock reproduction, rhododendron, and laurel thickets. At such
times they try to subsist on these species and hundreds of them die
from malnutrition (fig. 5). Losses occur principally among the
younger age classes, especially fawns, perhaps because they cannot
reach as high as the older animals.

During 1938 nose flies made their appearance for the first time;
many animals were infested and many died. In 1939, when the nose
fly (Cephanomia sp.) appeared in epizootic proportions, a high per-
centage of the herd was badly infested and thousands died. In the
middle of the following summer, those that survived were in pitifully
poor condition, for, as predicted, nature finally had taken a hand in
an effort to balance the deer herd and save the environment.

Excluding both male and female fawns, as of December 31, 1937,
the sex ratio (after the hunting season) was approximately 1 male to
11 females. Distribution was uneven, and by actual count on some
of the census areas, the ratio was found to be as high as 1 nale to 30
females.

During the 1937 hunting season, hunters commonly reported seeing
from 50 to 75 does in 1 day and not a single buck. The buck law has

\ i

F 320526

Fioure 5.—Deer dead from malnutrition, the result of a continued diet on
hemlock browse, March 1936, Allegheny. National Forest.
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been in effect on the area for some 32 years, during which time only
4 antlerless deer-hunting seasons (2 to 6 days each) have been held.
These antlerless deer-hunting seasons have always been strongly pro-
tested by sportsmen throughout the State (5).* As Pennsylvania’s
open season on legal male deer (male deer with two or more points to
one antler) comes at the end of the rutting season, it seems that even
the annual killing of an extremely high percentage of legal male deer
does not materially decrease the breeding potentiality.

TECHNIQUE AND FIELD WORK
PERSONNEL AND SEASONS

The data which follow were collected during five hunting seasons
(1935 to 1939) by the following personnel of the Forest Service and
the Fish and Wildlife Service: 1935 and 1936—Barry C. Park and
John Pearce, Forest Service; 1937—Barry C. Park and Theodore C.
Fearnow, Forest Service, and E. A. Goldman, Fish and Wildlife Serv-
ice; 1938 and 1939—Barry C. Park and Randal McCain, Forest
Service.

Each year the measurements were taken by two two-man field
parties. Each party consisted of a qualified wildlife technician who
took the measurements, and one assistant to help handle the carcasses.
Although more costly, this procedure assured a higher degree of uni-
formity and accuracy than would have been possible by other means.
The objective of the study required accurate data on a good cross
section of the herd. Several thousand deer could have been measured
annually if it had been advisable to use untrained personnel.

Each of the eight management units (see frontispiece map) was
covered by car. All deer found on cars and at camps along the roads
were weighed and measured. No selection whatsoever entered into
the sample; the deer were taken in the order found. The work, how-
ever, was planned each year so as to obtain insofar as possible an
equal number of weights and measurements in each management unit
in proportion to the size of the area.

Measurements were taken on a total of 1,787 white-tailed deer.
The number and sex of those taken during each of the five hunting
seasons are given in table 2.

TABLE 2.—Number and sex of legal deer examined during the hunting seasons of
1935-39

Hunting season of—

Sex of deer
19351 1936 2 1937 3 1938 ¢ 1939 5 Total

Numgz Number | Number | Number | Number | Number

Male ... . 263 300 [oooo. - 256 1,063
Female . ___ .. . ________________________ 130 ool 191 124 445
Fawns (male and female) . ._.____ .. ____. 64 | | 143 72 279
Total .. 438 263 300 334 452 1,787

! Dec. 2 to 14, inclusive. 4 Nov. 28 to Dec. 3, inclusive (antlerless deer only).
2 Dec. 1 to 12, inclusive. 5 Dec. 1 to 15, inclusive (antlerless in 2 counties, Dec. 14 and 15).

3 Nov. 29 to Dec. 11, inclusive.
ANTLER MEASUREMENTS

Antler measurements were taken in accordance with the New York
Zoological Society Standards (6) as follows:

4 Italic numbers in parentheses refer to literature cited, p. 59.
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Greatest spread, measured between perpendiculars at extreme width
of antlers at right angles to the center line of the skull.

Circumference of main beam, taken midway between the basal snag
and the first fork.

Total length of antler, taken in the inside curve of the antler from
basal snag to tip of longest prong.

Antler tines were not counted unless they protruded at least 1 inch
(2.54 cm.).

Bony MEASUREMENTS

Body measurements were taken under the personal supervision of
E. A. Goldmap as follows:

Total length, the distance from the tip of the nose to the end of
the tail vertebrae (not including terminal hairs of tail). The un-
skinned animal was laid on its side with the head extended forward
so that the nose was brought into as nearly a straight line with thé
back as possible, the tapeline being passed from the end of the nose
over the top of the head directly to the top of the shoulders, and along
the backbone to the end of the bones in the tail (not along curvature
of neck or side of body).

Hind foot, measured from the hock (heel or ankle joint) to tin of
the hind hoof or longest claw (fig. 6).

F 407956

Ficure 6.—Typical Allegheny National Forest male deer bagged during the
1939 hunting season, showing (center) hind foot measurement.

482744-—42——2
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Tail, measurement was made of the length of the tail vertebrae
(not ends of hairs), when the tail was held straight or bent upward
at

ri%ht angles to the back. ) )
All measurements were taken in centimeters.

WEIGHT

The weights taken were of dressed carcasses (viscera removed).
All figures on live weight given
in annual progress reports
were computed by using W. T.
Hornaday’s formula (7):

The dressed weight being given,
in pounds, add to it five ciphers,
divide by 78612, and the result will
be the live weight, in pounds.

In the field, live weights were
computed by dividing the
dressed weight by four and
adding this figure to the
dressed weight, since observa-
tions proved the weight of
entrails to be approximately
one-fifth of the live weight
(fig. 7). )
Weights were taken with
tested ice scales with a weigh-
ing capacity of 300 pounds.
A tally of estimated weights
made in 1935 indicated that
the average hunter overesti-
mated the weight of fawns 25
pounds and of legal males 50
pounds (fig. 8). In 1936
another tally of hunters’
weights for their kills disclosed
estimates ranging from 10
pounds underweight to 75
: cums; Pounds overweight, which
FigUre 7.—Above-average mature male clearly indicates the inaccu-
_deer (5lY4-year age class) with dressed racy of hunter-estimated
weight of 155 pounds and a very large weights. The weighing crews

set of antlers. The antler spread was . A
53 e¢m., circumference of main beam 10 found that experience im-

em., and length of antler 60 cm. proved their estimates, but
they were never very consist-
ent, a fact that attests the unreliability of all estimated weights.
The majority of the animals were “dressed,” and the dressed
weight (viscera removed) was obtained, but often the liver, lungs,
and heart remained in the carcass.
It was determined from an average of a number of actual weights
that the weight of the liver, lungs, and heart equals approximately
one-fifth of the total weight of the entrails, and this amount was
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F 402536
Ficure 8.—The average hunter generally overestimated the weight of the deer
he brought in by from 25 to 50 pounds or more.

allowed when it was necessary to compute dressed weight. (See
table 3.)

TasLe 3.—Allowances used in computing dressed weight of deer carcasses

Allowance Allowanes
Dressed weight in pounds hj;(gglslv:;’d Dressed weight in pounds hffr‘;glslvg’;]'d
" td o 71
eart heart
Pounds Pounds
186t0 200 .. .. 11 7
166to 185 _______ 10 6
150 to 165. _._ R 9 5
140t0 149 . ol 8

Trees, trophy racks, etc., were not always convenient, and there-
fore a tripod similar to that used on an automobile wrecker was built
on the bed of a pick-up truck. The tripod extended beyond and
high enough above the truck body to allow a deer carcass to swing
free of the ground, provided it was properly slung. By using.a
quarter-inch rope about 8 feet long (ends tied together forming a
loop), deer carcasses were slung as shown in figure 9.
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W =
LS . f ._.. -‘;h —
F 408302
Fiecure 9.—Tripod on pick-up truck showing method of slinging deer carcass on
scales. The loop was placed ahead of one front foot and well back on the
rump, thereby preventing the sling from coming together in the center as
one rope.

SizE OF SAMPLE

The number of legal deer weighed compared to the kill for the 5-year
period is given in table 4. It indicates that the sample is large enough
to be representative of conditions for the entire area. The Allegheny
Forest was divided into eight management units based upon distri-
bution of the deer herd (see frontispiece map). The census figures used
for determining distribution were obtained by a series of game drives
representing a 1l-percent sample of the gross area of the forests (8).
In order to obtain the best possible representative sample, weighing
crews covered each management unit thoroughly, and obtained, in-
sofar as possible, an equal proportionate number of weights and
measurements in each one.

Field observations on hunter concentrations during the 5 years
(1935-39) revealed that “hunter distribution”” on relatively small
areas lags 1 year behind deer-herd distribution when the deer herd has
been substantially reduced by hunting. Hunters naturally 1eturn to

$ PARK, BARRY C. GAME DRIVES, ALLEGHENY NATIONAL FOREST, 1935-36. 15 pp., illus. 1936. (Un-
published.}
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TABLE 4.—Number of legal deer weighed compared to kill for 5-year period, 1935-39

Deer Sample
Year Lpﬁﬁll ;ide er weighed and | weighed and
measured measured

Number Number Percent

14, 800 438 2.96

4, 300 263 6.14

5,700 300 5.30

24, 000 334 1.39

9, 500 452 4.76

58, 300 1,787 3.07 -

areas where they previously have been successful, and their success
entices others to the same areas the following season.

During the period covered by this study, the hunting effort was more
intense on the southern half of the forest (management units 5, 6, 7,
and 8), but the hunting effort within management units was fairly
evenly distributed. Table 5 shows the number of hunters and their
kill during the period of the study. The figures were obtained from
an actual tally made by numerous contact stations located at the
main entrances to the Allegheny National Forest during the open
deer seasons.

TABLE 5.—Number of hunters and their kill for the 5§ years 1935-39

Year Kill Hunters Sﬁﬁ%ets;f;ﬂ
Number Number Percent
14, 800 1133, 000 11.
4,300 2 40, 000 10.8
5,700 3 42,000 13.6
24,000 471,000 33.8
9, 500 570, 000 13.5
58,300 356, 000 16.3

1 Season for legal male and antlerless deer.

2 Season for legal male deer only.

3 Season for legal male deer only.

4 Season for legal antlerless deer only.

8 Season for legal male and antlerless deer in 2 counties.

AGE

Age was taken by dental formula as follows (f) ¢ (fig. 10):
Age 9 months—
0 3 1
4 0 3 1
The middle pair of incisors have been replaced by permanent incisors, and

remainder of incisors and premolars are milk teeth. First molar 1s well developed
and the second partially erupted.

Age 18 to 21 months (considered as 1%4-year age class)—
0 0 3 2
4 0 3 2

Incisors all have been replaced by permanent teeth. Premolars are all milk
teeth, but much worn. First and second molars are fully developed, but the
third molar may be only partially erupted.

Dental formula

Dental formula

¢ RusH, W. M. DENTITION OF MULE DEER (ODOCOILEUS HEMIONUS). Yellowstone National Park. 2 pp.
illus. 1932. (Unpublished.)
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Age 31 to 55 months {considered as 2% years to 414 years inclusive)—
0 0 3 3
Dental formula 4—0~—3—3
Permanent dentition is complete. Ridges of the enamel are sharp and well
above dentine.
Age 67 to 103 months (considered as 5% years to 9% years)—

0 0 3 3
Dental formula 70 3 3

Ridges of the enamel are no longer sharp, and rise only slightly and gradually
above the dentine.

Age 115 months plus (considered as 914 years plus)—

0 0 3 3
Dental formula 70 3 3

The crowns of the premolars and molars rise only about one-eighth of an inch
above the gums. The grinding surfaces are worn practically smooth with no
appreciable ridges of enamel remaining.

Ages of deer from 9 to 30 months may be determined with a reason-
able degree of accuracy by the dental formula. At about 30 months
there is complete permanent dentition after which time the age must
be determined by the degree of wear on the grinding surfaces of the
dentition. This may be a variable factor depending upon the type
of food eaten, etc. To obtain accurate information on ages above
30 months, it would be necessary to make a collection of skulls of

O O 33 UPPER JAW
4 03 3 LOWER JAW

3 MOLARS
Sm

INCISORS

Ficure 10.—Diagrammatical explanation of the dental formula of mature deer.
The dental formula gives the number of teeth on only one side of both the
lower and upper jaw; the total number of teeth equals twice the number shown
in the formula.
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known age classes. Such a collection would necessitate fawn tagging
and would require many years to complete. Pending the collection
of such data the grouping of deer into broad age classes, such as
given herein, was considered to be sufficiently accurate for the pur-
poses of this work.

However, it was realized that if the data were to be of any scientific
value, the field work must be done by reliable, technically trained
individuals. A high degree of uniformity was obtained in spite of
adverse field conditions. Inspection of the teeth of frozen carcasses
was made possible by the use of an ordinary screw driver for prying
open the lips, and a small pocket flaghlight. Very few deer were found
to be in the 9%-year-and-over class; therefore, only four age classes
were used in compiling the data, 9 months, 1% years, 2% to 4} years,
and 5% years and over (figs. 11, 12, 13, 14, 15, 16).
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F 407965, 407966, 407968

Ficure 11.-—A, Top of skull, boney protrusions being the first years’ antlers
“buttons,” of a “button buck” male deer, of the 9-month age class (includes
all fawns). B, Bottom of skull. C, Inside and outside of the lower jaw show-
ing three premolar milk teeth, the first molar well-developed, and the second
molar partially erupted. These premolars and molars are all milk teeth and
are much smaller than the permanent premolars and molars shown in figures
13 and 14.
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Soaas AT

F 407958, 407962, 407963, 407359, 407969

Ficure 12.—A, Head of a typical spike buck, of the 1}4-year age class; B, upper
jaw of skull; C, lower jaw. In the lower jaw the incisors are all permanent
teeth while the premolars and molars are all milk tceth, much worn. The
third molar is not entirely through, but the jawbone is much more elongated
than in figure 11; D and E show the upper and lower jaws of the skull of an
unusually large 1%-year-old, four-point buck. In the upper jaw the permanent
premolars are pushing out behind much-worn milk teeth; the second premolar
was so slightly attached that it was lost in cleaning the skull, leaving the
permanent second premolar plainly visible. In the lower jaw, the permanent
premolars are pushing out the milk teeth.

482744—42—-3
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F 407970, 407972, 407371

F1rcure 13.—A, The complete set of permanent premolars and molars of a typical

doe deer of the 214- to 41%-year age class, B, and C, The outside and the inside of

the lower jaw, respectively, show sharp ridges of enamel well above the dentine,
the teeth being long and only slightly worn.
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F 407955, 4079€0, 407964

Ficure 14.—Dental formula used in age determination. A, Head of a typical
mature male deer of the 5l%-year-plus age class showing evenly developed
antlers, 5 points on each side. B, Upper jaw of the skull. C, Lower jaw. The
ridges of enamel are no longer sharp and rise only slightly and gradually above
the dentine. The teeth are much worn and are only about half as high above
the gum line as those shown in figure 13.
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F 407973

Ficure 15.—Upper jaw of the skull of an old, mature doe of the 9%-year-plus
age class. The crowns of the premolars rise only slightly above the gums, and
the grinding surfaces are worn practically smooth with no appreciable ridges of
enamel remaining.

F 407961
FicUure 16.—Comparative size of the skulls shown in figures 12 and 14. A4,

Head shown in figure 12, A, B, C. B, Head shown in figure 12, D and E.
C, Head shown in figure 14.
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SUBSPECIES OF WHITE-TAILED DEER

The Game Commission of the Commonwealth of Pennsylvania kept
no record of the location of deer plants during the early period of re-
stocking. It appears certain that at least part of the deer stocked on
the Allegheny National Forest came from Michigan and a few may
have come from New York. There is little reliable information to
support the belief that any of the animals came from States farther
south than northern Virginia and West Virginia.” The lack of definite
information as to the origin of the deer herd made it necessary to
determine the subspecies of white-tailed deer existing on the forest
before comparisons of weight and measurements could be made. The
Fish and Wildlife Service assigned E. A. Goldman, senior biologist, to
the project, and he worked with the field crews during the 1937 season.
Mr. Goldman’s report ® states:

The deer vary in the depth of color tone in all of the Allegheny National Forest
units, some being distinctly tawny, while others are grayer in the same winter
pelage, but these differences are within the usual range of individual variation in
the subspecies. Comparison of measurements from the eight forest units by age
classes reveals only differences attributable to individual variation. The conclusion
is therefore reached that all of the deer on the forest are referable to a single sub-
species. No specimens were obtainable for actual comparison, but the data taken
point to indentification as the northern race, or subspecies, of the Virginia white-
tailed deer (Odocoileus virginianus borealis). Typical borealis is from Maine, but
animals from as far west as Michigan do not appear to be appreciably different.

STATISTICAL TECHNIQUE

Definitions of the statistical terms as well as detailed descriptions
of techniques used in the analysis will be expressed in algebraic form.
From these it should be possible to either check the analyses made or
to apply the techniques to data of a similar nature.

The description of the field technique indicates that no personal
bias entered into the selection of the deer on which measurements were
taken. Hence, the procedure used fulfilled the fundamental require-
ments for randomness, and the samples may be considered random.
On this assumption, the statistical theory and deductions therefrom
adapted to random sampling are considered to be applicable to these
data.

FrREQUENCY DisSTRIBUTION AND CURVES

Measurements of any single character made on individuals taken at
random from a population are known to differ among themselves, and
hence in their original form will appear as a mass o% unorganized fig-
ures. For example, in 1936, 1937, and 1939, dressed weight was
recorded on 452 mature male deer, each year’s record being in a
random order insofar as magnitude of weight was concerned. These
data must be condensed and presented in an orderly manner before
their significance is apparent.

Rearranging them, reading in the order of size and thereby giving
the entire range of weights, would help somewhat but would not be
sufficient. Since it would not necessarily be important to know each
individual deer weight correct to the pound, the whole range of weights
may be divided into a number of subranges of equal size. The

7 RUFF, F.J. THE WHITE-TAILED DEER OF THE PISGAH NATIONAL GAME PRESERVE, NORTH CAROLINA.

U. 8. Forest Serv., South. Region, 249 pp., illus. 1938. [Processed.]
8 GOLDMAN, E. A. DEER INVESTIGATIONS ON ALLEGHENY NATIONAL FOREST. 7pp. 1937. [Unpublished.]
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frequency of individuals—in this case, deer—in each subrange may
then be recorded. Such a record or table is called a frequency dis-
tribution; the subrange is the class interval, and the midpoint of
class interval is one-half the sum of the two limits of that interval.

Diagrams may be of considerable value as an aid in grasping the
meaning of the frequency distributions. It was found most conven-
ient in this study to use frequency polygons. Along the horizontal
base line, a scale representing the equal class intervals was laid off.
The vertical scale, expressed in percent, represented the proportion
of the total number of items (deer) whose measurements (dressed
weight) fell within a class interval. The percent of the total number
of items occurring in each class interval was computed. The per-
cents were then measured vertically at the midpoint or center of the
class intervals on the base lines. These successive points were con-
nected with straight lines, going one interval below the lowest class
for which there was a count and one point above the highest class.

The first step in the organization and analysis of quantitative data,
such as that collected on this project, would be the formation of
appropriate frequency distributions. The next step would be the
computation of numerical constants which would most nearly describe
the character being measured. In the section which follows, methods
for computing the two most useful, mean average and the standard
deviation, will be given. The first measures the central tendency
of the distribution around which the value of the items cluster, and
the second is a measure of the ‘“scatter’” about this central value.

MEAN AND STANDARD DEVIATION

If 2, @, ... .. 2y be the individual measurements of a particular
character on a sample of N deer, then the arithmetic mean (or average)
will be the sum of the individual items divided by the number

of items. That is, & == x,-!—mg—}—N .. Ty or written more simply
=22
T=75 e))

The best measure of the dispersion or spread of the individual items
in the sample is the standard deviation, which is the square root of the
variance. In turn, the variance is the sum of the squares of the
deviations of the individual items from the arithmetic mean divided
by the number of items less one. Expressed algebraically, variance

(x—x)? S(x—1)*

) .
becomes s= N1 and the standard deviation, s—\/ NoT

)2
It can be shown that (z—&)?=3r— K“{;)

P

where So?=a* +2%+ . ..
x%, and =z as in (1) above.

Hence, for ease of computation, the formula for s may be written
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Consider the dressed weights on the sample in 1938 of 10 female
deer, aged 1% years, from the northern district. The mean is

79-+81+88-+83+4+72+70+4+814+93+74+91

pr = 4
T 10 81.2
) NERGPIE
~02 2 ~012)y —
s /(’9 F8E L A = [66,486—65,954.4__[551.6
\ 9 -\ 9 9
s=7.8

ComparisoN oF Two MEeans

The Student ¢ test has been extended to determine whether two
samples may be regarded as belonging to the same population (3).

If vy, 5, . .. @y, andz’y 2’5 . . . 2’5, be two samples, the means will
be found as in formula 1. The variance is estimated by pooling the
sums of squares from the two samples,

. 1 . _ PN .
PN S — 7)) 3)
and t:‘i—;a—; N—,—_—i_*_]X;Q (4)

the degrees of freedom for entering the ¢ table to estimate the signif-
1cance of the difference in the two means will be n= N,+N,—2.

Example: Compare sample above dressed weight of 1%-year-old
fen(;ales, northern district, 1938, with southern deer of same sex, age,
and vear.

=i

=81.2, # =774, N,=10, N,=11
1

2—

$ ~——[10+11_2 551.641112.54)

81.20—77.36 /10 .11
9.359 10F11

§2=87.586316, t=

Hence, t=0.94. With n=19 the chance is somewhat better than 4 in
10 that the difference could be explained by random sampling.

ANALYSIS OF VARIANCE

The basic treatment of the technique known as the analysis of
variance was developed by R. A. Fisher (3). Stated briefly, if two or
more groups of factors are causing variation in a set of measurements,
then it is possible to separate the variance ascribable to one group of
causes from the variance ascribable to other groups. A rigid test of
the relative importance of such causes may then be made to which
probabilities are assignable. For these data—considering age as a
possible cause of variation—the number of items (deer) varies from
age to age. The algebraic identity expressing the fact that the sum
of squares of the deviations of all the values of z from their general
means %, may be broken up into two parts, the first representing the
sum of squares of the deviations of the means of the age groups from
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the general mean, each multiplied by the number in that age group;
while the second 1s the sum of squares of the deviations of the obser-
vation on each deer from the mean of its age group.

With p designating a particular age group, n, the number of deer
in that group, and Z, its mean of a particular character, then

Z(@—1)*=2n,(T,—&)’+Z2(—7,)* ®)

Considering dressed weight on the male deer for which there were
four age classes, the computations for the analysis of variance in
dressed weight will be shown in two parts, variance due to age and
variance within age. The ratio of these two variances will be a
test of the relative importance of age in the dressed weight of deer
(table 6).

Let the number of age groups be k, represented by I, II, III, IV,
k=4, 7L1=105, nu=140, ”Lln=440, "le=225, the tOt:a,l N=910

The degree of freedom for the between-ages sums of squares will
be one less than the number of age groups, k—1=3.

The degrees of freedom within age groups will be the pooled degrees
of freedom within each age; that is, 1041394439 -4224=906.

A check, here, is that the between and within degrees of freedom
should add to one less than the total number of items.

2

Using the identity given under (2) above for E(x—:i)zzzﬁ—%\fl
the computations for the sums of squares become simple arithmetic,
tabulated in table 7.

The analysis of variance table (table 8) is readily made up from
these tabulations. The “total” is taken directly from the last column
last line, 673,318.46; the “within’’ is the sum of the four; the “between’’
will be the difference of these two, or it may be found directly by
subtracting the total correction factor from the sum of the four
(Z2)?

n

is called the correction

correction factors. The expression
factor.

TABLE 6.—The general form of the analysis of variance; the ratio of the betweeen- and
within-age variances provides a test of the importance of age in the dressed weight
of deer

Source of variance Degrees of freedom | Sum of squares
Betweenages...._._.._______.___ U k—1 . Znp(@p—3F)2
Z(n,—1)=N—k S (x—7Ir) p?
.
Withinages. ... .. . N=1 T@—7,)!

TABLE 7.—Tabulation showing computations for the sums of squares; for dressed
weight, Zx and Zx 2 are compiled from the individual items as in equations (1) and (2)

Age class

Item Total

1
I (9 months) | II (134 years) E/Ié (yze/sfrg) I\;n(g}ﬁ‘%er?;rs

Number_..._ ... 105 140 440 225 910
D - 5,706. 00 13, 383. 00 51, 455. 00 30, 258. 00 100, 802. 00
D7 ~...| 318,448.00 | 1,295,723.00 | 6,102, 635.00 | 4,122,494.00 | 11,839, 300.00

TR 310,080. 34 | 1,279,319.21 | 6,017,311.42 | 4,069,095.84 | 11,165, 981. 54
}J(.':—.’E)2 ........................ 8, 367. 66 16, 403.79 85,323. 58 53,398.16 673, 318. 46
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TaBLE 8.—Analysis of variance made up from data in table 7

Source of variance Dfreegé'gg%)f f&ﬁ;gg Mean square r
Between ages - _ - .. 3 509,825.27 | 169, 942. 941.74
Withinages - .. 906 163, 493.19 180.456 |- ________
MTotal . . 909 673,318.46 |______________| _____________

The sum of squares divided by the corresponding degrees of free-
169,942
180.456
941.74. Tables of F values for pertinent probability levels are avail-
able (4, Table V). Entering this table, with n;, always the larger mean
square, equal to 3 and n,, the less, 906, we find that the largest F,
which is still many times smaller than our F, is at the 0.1 percent
level; that is, there is 1 chance in 1,000 that so large a ratio could
be attributed to random sampling. Thus, for all practical purposes,
it may with certainty be said that age does influence the dressed
weight of a deer.

dom gives the mean square. F is the ratio which equals

TesT OF THE EFFICIENCY OF A SINGLE CHARACTER FOR CLASSIFYING
INpIvipuAL DEER BY AGE

Let Z,1, Z,11, T, v be the means for the character p for the
four age classes, and s, be the standard deviation computed from the
pooled-within sums of squares. The standard deviations for each
character are given in tables 14 and 15. For dressed weight, using
all male deer,

N=910

£1=54.34 EHI=116.94

£n=95.59 f1v=13448 Sw=13.433
Then

Tra—1 T — T Liv—Tm
s, =1.535, 5, =0.795, %5, =0.653
The probabilities corresponding to these are 0.12,0.43, and 0.51 (4,1).

These are the probabilities of an observation falling outside the range
—z to -z, that is, both tails of the normal curve; and since we are
interested only in one tail of the curve at a time, each is divided
by 2. The resulting values are 0.06, 0.21, and 0.26. The chance is
6 to 100 that a 9-month-old deer will be classified as a 1}%-year-old
animal, or that a 1%-year-old deer will be put in the 9-month class;
21 out of 100 that a 1%-year-old deer will be classified as a 2)%- to 4%-
year-old, or the older animals will be called 1J%-year-olds; and 26
out of 100 of the 2}%- to 4%-year-old deer will be classed as overmature,
or that proportion of the oldest deer will be classified as the next
younger. Hence, the final probabilities for misclassifying by age
groups on the basis of dressed weight alone are 0.06, 0.27, 0.47,
and 0.26.

482744—42——14
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DiscrimiNaNT Funcrion, A CoMPoUND OF Two oR MORE CHARACTERS
As A CRITERION FOR CLASSIFYING DEER BY AGE (3)

(a) Algebraic expression of procedure used.

If a linear function of the several deer measurements showing the
most distinet change with age be represented by the expression

YZ)\lxl‘I‘)\zan—l" . e ’I“)\pfl'p, (6)
then the coefficients N\, N2 . . . \,
are the solution of the equations
M [ Nlz@e] 4 . L - Nl =By
Mlzre] + N[ + .. N, =B,

)‘P[xlxp]’}“)\‘z[xzxp]—l_ e +)‘p[xp2] :Bp

where [z,2,] is a simplified scheme for writing the pooled sums of
squares and of products for the age classes. The sums of squares
and cross-products set forth in Fisher’s article 29 (3) for the standard
regression equation might have been used instead, for the resulting
coeflicients would have been proportional to the N’s above, but since
a precise study of variances within groups was wanted, these values
already compiled were utilized.

The B’s are the regressions of the means of the particular measure-
ment on age, that is,

v
2 @) (@—0)

sz =1 Ji%4
Z(ad_d)2
A=1

@

It was necessary to assign values to the age elements, 4 occurring in
the expressions for the B’s. The logarithms of the numbers 1, 2, 3, 4
seemed appropriate for this, since the means of each of the characters
plotted against these gave curves which were reasonably linear in
nature. Therefore,

a;[:0.000, 0/11:0.30103, aIII=O-4771217 and a;v=0.602060

The standard deviation, o, of the discriminant function will be
MBi+ N C B
Uyz\/ it AZ[B_Z—;_k+1—I— =t (8)

where p is, of course, the number of characters making up the dis-
criminant function and % the number of age groups. The standard

error for the N’s is: -
‘7)\p=¢7ﬂ/0pp 9)

and to test its precision:

{=-—2 (10)
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(b) Procedure applied to data for female deer.
The data on the female deer will be used to illustrate this method
when all three characters measured were included. Hence,
p=3, k=4, and N=425

If from table 19 we copy the pooled sums of squares and products
for the left-hand side of the equations; and, for the right-hand, unity
is substituted for each of the B’s and 0 for the others, the solutions
obtained constitute the reciprocal matrix of multipliers,

35,814.953290;-+16,960.17128\,+3,288.332836N,3;=1,0,0
33,459.76905\,,12,382.6192837,3==0,1,0
1,494.238007 \3=0,0,1

where N\y=ci, €2, €13

A2==C12, Ca3, Co3
M3=Ci3, Ca3, C33

This is the standard procedure outlined by Fisher in his article 29

Solving the three sets of equations, we have the matrix of multipliers
reciprocal to the sum of squares and products within ages (table 9).

While these are the ¢ values from which the N’s and their standard
deviations are derived, the three B’s must be computed first. As
previously stated, the assumption is made:

I Ir 11 1v

2=0.00000 0.301 0.477 0.602 then g=0.345
and (@—a)—0.345 —0.044 0.132 0.257

TABLE 9.—c values from which the N’s and their standard deviations are derived

Length of hind

Item oot

Dressed weight | Length of body

Dressed weight . _____________ .
Lengthof body .- _____
Length of hind foot. ... ...

0. 044175378902
—. 041649396540
—. 046558628210

0. 044023036644
—. 042785098400

0. 038579809980

The denominators of the expression for the B’s as in formula (7)
are constant, =(a,—a)? and equal to

(—0.345)2+ (0.044)2 4 (0.132)2+ (0.257)?=0.204434

The numerators are the summation of the products of (a—@) and the
corresponding mean of the character. These means are given in
table 20. Hence

B, (dressed weight) = [(—0.345X51.225225) 4-(—0.044X79.851852)
+(0.13290.600000) + (0.257 X 98.815385)]/0.204434
B: (length of body) =[(—0.345 X 138.347748) + (—0.044 X 157.0833333)
+(0.132 X 161.328462) -+ (0.257 X 168.600769)]/0.204434

Likewise B; (length of hind foot) is computed,

Simplifying B,=179.089436

B,=48.837969
B;= 9.638495
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Following the standard method, the X coefficients are calculated by
substituting in these formulas:

N=Bici+Bscis+Bsess

Ne=DBic1o+ Bty + Bscas

L Ns=DBi¢13+Bacos 1 Bscss
substituting

M=1(79.089436) (0.0*41753789) - (48.837969) (—0.0*16493965)
+(9.638495) (—0.0'65586282)
Likewise \; and A\; are computed
Thus \=0.0018645988
2=0.0003918294
A;=0.0017222777
Then ¥ =0.00186460z,+-0.00039183z,--0.00172228, (11)

The standard deviation of this function is now computed by
formula (8).
oy=
(0.0018645988)(79.089436)4(0003918294)(48.837969)+(0.001722777)(9.638495)
425—3—4-+1

7,=0.0209104

Using oy and ¢, a2, ¢33 We find in the usual way, formula (9), the
standard error of each N coeflicient, and test its significance in the
derived discriminant function by formula (10).

o, =0.0209104+/0.0%41753789=0.00013512
o2=0.0209104+/0.0°40230366 —0.00013263
o3=0.0209104+/0.0°857980998 =0.00061249

_0.0018646
~0.00013512
~0.00039183
2 70.00013263
;. 0-0017223

370.00061249

Dressed weight, indicated by # has by far the major influence in
indicating age of deer. The influence of the other two characters is
quite negligible in the presence of dressed weight.

To determine the efficiency of this function in estimating deer
age, it 1s necessary to find its mean value for each age. This is done
by substituting the mean 2’s in (11). For the 9-months’ group:

Y= (0.0018646) (51.2252) + (0.00039183) (138.3477)
+(0017223) (41.4631)

Then =13.80

=2.95

=2.81

Y:=0.22114
Similarly, Y1;=0.28908, Y1=0.31159, Y1v=0.33204

To simplify the work of computing the discriminant functions for a
series of deer measures, one coefficient may be taken as unity and the
others adjusted accordingly by dividing by that coefficient. For
example, divide each of the coefficients in (11) by the length of body
figure, 0.00039183, and the new expression will be

Y’ =4.7587x1+x,+4.3955x;
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The same procedure is now used as for the single variable case as
in the test of the efficiency of a single character for classifying in-
dividual deer by age p. 25.

X_uz:l’g: 1.625

Ty

Yu—Yu_ s
20,

Yoo Tun_ 489
20, '

One-half of the probabilities corresponding to these are 0.06,
0.30 and 0.31, and the probabilities of misclassifying a deer using this
discriminant function as the criterion are 0.06, 0.36, 0.61, and 0.31.
(c) Omission of a character from a derived discriminant function.

It is desirable to make comparable tests of discriminant functions
which contain fewer than the maximum number of characters, par-
ticularly to omit characters whose N’s are shown to be of little impor-
tance according to Fisher’s article 29.1 (8). A new c-matrix is calcu-
lated using the formula
CprCar

’
Cpe=0Cp
Cey

where 7 is the character to be omitted. Computations are most easily
carried out if this is expressed in fractional form

CpgCrr—CprC
v Ypebrr T CprCyr
Cz,q———c—— (12)

T

Consider omitting x3, the length of body, in our example. Then

c ete.
11 o

Substituting values from our ¢-matrix:

., (0.04175378902) (0.0'4023036644) — (—0.01649396540)?
Cu= 0.04023036644

¢'11=0.0*3371476867

The new ¢’-matrix is:
0.0*3371476867
—0.0*5375947980 0.0%7549589610
From this point the method is the same, as in the three-character
case. The results appear along with those of other combinations in
table 21. '
(d) Factor U for ranking discriminant functions.
By definition U:slope of ‘Zhe function
v

where the slope of the function is 2\,B,
For the female deer with three measurements forming the compound
function for discriminating age

(0.0018646) (79.089) + (0.00039183) (48.838) + (0.0017223) (9.6385)
U= 0.02091

(13)
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This computation is simplified if it is noted that the numerator is the
same as that for the variance of the function
U=8.76
(e) Procedure in application of discriminant function to a series of deer
measurements.

(1) Compute the function Y for each deer by substituting its meas-
urements in the derived discriminant funection.
(2) Substitute the proper mean values from table 20 to compute

?I; ?II’ YIII: YIV
YII - ?I , ?III'_‘ ?II and YIV_' ?III

(3) Find 5 5 .
(4) Then the limits for the age classes are:
Age class I: Y1+ XH_{)__YI;
Upper limit—f’n_}hgyg
Age class II:
Lower limit—Y,;— YHT_YI

4

ete.
Applying the discriminant function derived for the three measure-
ments on the female deer to the same data from which it was derived,

Y=4.7587x%;-+x,+4.3955x%;,

gives age group ranges with the corresponding actual counts as
shown in table 10.

Here 4 percent were wrongly classified in age I, 33 percent in II,
57 percent in ITT, and 32 percent in IV. Qur corresponding theoretical
probabilities were 0.06, 0.36, 0.61, and 0.31 percent, a slight over-
estimate of error in the first three ages. It is, of course, true that
this particular test would not be conclusive since the data were the
same for the derivation of the formula and the test of it.

TaBLE 10.—Age group ranges and actual counts

Ageclass—
Theoretical age groups based on Y
I II 111 v

Num- | Per- | Num- | Per- | Num- | Per- | Num- | Per-

ber cent ber cent ber cent ber cent
82l.4andabove.________________.____ 0 0 1.9 35 26.9 89 .5
766.5t0821.3__ ... 0 0 15 27.8 56 43.1 30 23.1
651.1 t0 7664 . 4 3.6 36 66.7 38 29.2 11 8.5
651.0 and below.____.___._____________ 107 96.4 2 3.7 1 .7 0 0

Actual collected . ______________ 1| 54 ... 130
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STATISTICAL ANALYSIS OF DATA

As previously stated the reason for analyzing the deer measure-
ments—age, body, and antler—was to find, if possible, an efficient crite-
rion for age determination which would be independent of the dental
formula. There can now be discussed the results of applying the
methods of analyses outlined in the section on statistical technique,
PP. 21 to 30, to these data with this purpose in mind.

EXTENT oF DaATaA

The number of animals from which the particular data were ob-
tained is shown in table 11. Age was not obtained for the 438 deer
weighed and measured in 1935.

TaBLE 11.—Number of animals included in determining the relation of age to weight,
body, and antler measurements

Age class

Sex and year Total
I (1% |III (24t0 | LV (534

I
(9 months) years) 414 years) Yeggse ra;nd

Number Number Number Number Number
75 84 85 2

21 6

36 33 46 45 160
111 54 130 130 425
0 27 191 45 263

0 76 154 69 299
69 0 0 0 69
36 37 107 112 292
105 140 452 226 923

On the female deer, the three characters measured in both 1938
and 1939 were dressed weight, z;; length of body, x;; and length of
hind foot, #;. Length of tail was measured in 1938, but not repeated
on the 1939 deer, since an analysis showed no difference in this
measurement by age classes.

Four antler measurements were taken on the male deer; spread of
antler, z,; circumference of main beam, ;; length of antler, 25; and
number of points, #;. Of the three body measurements, dressed
weight was taken on all the male deer, while length of body and length
of hind foot were not measured on the 1936 deer and on some of the
1937 deer. Of the 502 deer (males), for which measurements of all
seven characters were available, 105, 64, 179, and 154 were in classes
I, II, II1, and IV, respectively.

Throughout the analysis, the order of these characters has, for
convenience, remained unchanged and with the same subscripts as
given in the preceding paragraphs.



TaBLE 12.—Frequency distributions of female deer by character classes within age groups (1938 and 1939)

Dressed weight Length of body Length of hind foot
Age class Midpoint Age class Midpoint Age class
. . idpoin idpoin
xég?gig:‘%f] 204-4Y5 | 5% 'ofbglassl 215-41% | 5% _ottclassl 2V4-4Y4 | 5%
4-4Y% 4 years | interval 5-41% 4 years | interva. 242 % years
9 months | 114 years vears and’ over 9 months | 134 years yoars and over 9 months | 114 years years and over
(6] @) 3 4 (6) ® ) ® 9 (10) (€3Y) (12) (13) (14) (15)
Centi-
Pounds Number | Number | Number | Number meters Number | Number | Number Number | Number | Number | Number
122.45. . || 187.45 | || e
117.45._ 182.45_ | | . -

147.45.. .-
142.45.. ..
137.45__
132,45 ...
127,45
122,45.. ..
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TaBLE 13.—Frequency distribution of male deer by body measurements within age groups (1936, 1937, 1938 (9 months only), 1939)

Dressed weight Length of body Length of hind foot
Age class . Age class . Age class
(ﬁggli?gg}vgfl 14-414 14 1\%}:‘0 Il)g;;it 215415 | 5% Nf)lf:c Il)g;éit 214-414 14
. 21454 514 years | interval o414 4 years | interva 5-41% | 514 years
9 months | 134 years years2 and over 9 months | 13§ years | T ® | o over 9 months | 1§ years | “glr® | i over
@ 2 3 (€] (5) ® (@) ®) (O] 10 (11) (12) 13) 14) (15)
Centi- Centi-
Pounds Number | Number | Number | Number |' meters Number | Number | Number | Number meters Number Number | Number | Number
242.45___.

227.45 .
222,45 .-

197.45..

192,45, |

187.45..--
182,45 .-
177.45.__.
172.45....
167.45___.
162.45._ ..
157.45....
152.45..__
147.45.. ..
142.45.- ..
137.45.__.

132.45.__.
127.45. ...

SAYEH YHHEd dUTIV.I-ELIHM 40 NOLLIANOD

ee



TaBLE 13.—Frequency distribution of male deer by body measurements within age groups (1936,1937, 1938 (9 months only), 1939)— Continued

Spread of antlers

Circumference of main beam

Length of antlers

Number of points

Midpoint of class
interval

©)

114

years

@)

215414
years

@3)

514
years+

)

Midpoint
of class
interval

®)

135
years

(6)

25415
years

™

5%
years+

(8)

Midpoint
of class
interval

)

135

Years

(10)

25414
years

an

Midpoint
of class
interval

(13)

134
years

(14)

2}4-41%
Years

(15)

5%%
years+

(16)

Centimeters

Number

Number

Number

Number
1

2
12

105

7e
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COMPARISON OF MEASUREMENTS BY DISTRICT AND YEAR

On the basis of year and district, the deer measured fall into 12
categories within sex and age. Kight of these were for the males and
four for the females.

The initial step in the organization and analysis of the data was
to form frequency distributions of each character within several cate-

ories. Tables 12 and 13 give those for combined years and districts.
igures 17, 18, and 19 are the corresponding frequency polygons or
curves.

PERCENT
40
30 A
- A /\ A
c/ \. , ‘\
20 L, 4\
7|\ =7\ \ "
— 7 \ /] J/ Ny
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— o~ /’_—____r\\ Nemeeh
0 lmemr e fme— = e —--__,F ~. e~
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30
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j\.\ /\ N
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B ._._-/ | — /’ﬁ---~ < N \\
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Fieure 17.—Frequency curves of body measurements of the sample female deer
within age groups for 1938 and 1939.
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Ficure 18.—Frequency curves of body measurements of the sample male deer
only).

within age groups for 1936, 1937, 1938, and 1939 (1938 data for 9 months-old
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Tables 14 and 15 give the number of deer, the arithmetic mean
(average), and standard deviation of each measurement by age groups
within these subclasses. The number of deer range from 2 to as many
as 105.

TABLE 14.—Mean (average) and standard deviation of measurements of female deer
by year, district and age classes

! .
Dressed weight |Length of body Lengtfl‘l)&f hind | yo0th of tail
Deer :
Y ear, districié, )and age class in ) Stal(nid- Stax(lid- Sta%d- Sta%d-
1 sample ar: ar ar ar
Mean | jovia. | Mean | qouia. | Mean | gouia. | Mean | gouia.
tion tion tion tion
(2) 3) [€)) (3) (6) @) (8) (9) (10)
1938
Num- Centi- | Cenli- | Centi- | Centi- | Centi- | Centi-
Northern district: ber | Pounds| Pounds| meters | meters | meters | meters | meters | meters
I—9 months._._________ 41 48.8 6.4 135.9 8.4 41.6 1. 21.6 2.6
II—114 years........_._. 10 81.2 7.8 156.9 12.1 46. 2 1.8 22.2 L9
II1—214-414 years_.._._. 48 88.5 9.7 159.5 10.7 46.0 1.7 23.3 2.6
IV—515 years and over . 50 94.7 10.2 | 167.0 9.5 47.5 1.9 23.9 2.6
Southern district:
I—9months.___________ 34 50.9 9.3 138.9 8.3 40.6 2.5 21.7 2.9
II—1Y4 years..._._._____ 11 77.4 10.6 154.2 9.4 44.9 1.7 24.6 3.1
IIT—214-414 years_.._..__ 36 89.9 8.0 160.3 8.9 45.0 1.8 23.8 2.9
IV—5Y4 years and over . 35 101.3 9.8 168. 6 8.9 47.4 1.8 24.2 4.3
1939
Northern district:
I—9months____.______ - 15 52.9 5.7 140. 5 6.4 41.5
II—15years..._____.___ 19 77.9 7.2 157.1 8.9 45.8
IIT—214-41% years...____ 29 93.1 9.9 164.9 9.1 47.1
IV—515 years and over - 27| 101.1 10.9 | 170.5 8.9 47.3
Southern district:
I—9 months__________ - 21 55. 4 8.8 140.9 7.0 42.5
II—1} years_ ... .__.___ 14 83.5 6.5 159.4 8.4 45.7
IIT—214-41% years..__.___ 17 93.4 7.9 162.5 5.2 47.0
IV—5Y4 years and over - 18 102.2 9.5 170.2 6.6 47.8




TaBLE 15.—Mean (average) and standard deviation of measurements of male deer by year, district, and age classes

Body measurements

Antler measurements

Deerin
Year, district, and age class sam-
ple
) (2)
1936 Num-
Northern district: ber
I—114 years_____ 25
I1—214-414 years 86
IIT—5Y54- years. 33
Southern district:
I—1Yyears ... ___. ... ___ 2
I1—215-414 years .. 105
IIT—5%+ years. .. .. . ___ 12
1037
Northern district:
I—-1l%years .. ... . _______ 32
I1—215-41% years__ 83
IIT—5Y5+ years._ ... _______ 47
Southern district:
I—1lsyears ... __.______.__ 44
I1—214-414 years. . _ 71
IIT—5%+ years .. ..___.____ 22
1938
Northern district:
9months.__._. .. _._________ 32
Southern district:
9months__._________________ 37
1939
Northern district:
I-9months_._.__ _________ 21
II—1Y4 years______ 16
111224414 years 58
IV—5Ye+ years .. _________ 82
Southern district:
I—9months..___ ... __ . ___ 15
II—115 years..____ - 21
IIT—214-41% years._ . 49
IV—5le+tyears. ... . _____ 30

Dressed weight n . .
Length of body Lengtfo(;)tf hind | ponoth of tail | Spread of antler %}rﬁrﬂfegggg Length of antler N%I(?igg of
Stand- Stand- Stand- Stand- Stand- Stand» Stand- Stand-
Mean | ard de- | Mean | ard de- | Mean | ard de- | Mean | ard de- | Mean | ard de- | Mean | ard de- | Mean | ard de- | Mean | ard de-
viation viation viation viation viation viation viation viation
3) [€)] ) (6) ()] ®) © 10) 11 12) (13) 14 (15) (16) 1) (18)
Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi-
Pounds| Pounds | meters | meters | meters| meters |meters| meters |meters| meters | meters| meters | meters| meters | meters| meters
99.5 10.8 S . 23.3 4.6 5.9 0.9 21.6 5.0 4.1 1.7
118.0 B 33.7 8.1 7.7 1.4 32.0 8.2 6.1 2.0
133.7 42.2 9.5 9.3 1.5 41.2 9.5 8.1 2.0
103. 5 17.8 2.5 4.8 .4 16.3 1.8 2.0 0
113.1 29.8 7.8 7.2 1.2 28.9 6.4 5.7 2.0
141. 6 45.1 6.9 9.5 1.7 41.6 7.9 9.6 19
97.0 9.4 | 169.4 8.5 48.0 1.8 24. 4 2.5 23. 4 5.4 5.7 .8 21.5 4.6 3.9 1.6
120.9 13.4 | 179.2 10.3 49.6 1.5 25.4 3.6 34.9 7.3 7.5 1.3 32.6 6.9 6.4 1.8
136. 7 16.0 | 185.5 12.5 50.0 1.5 26.8 3.7 42.7 6.5 8.9 1.5 39.0 6.1 7.7 1.4
91. 8 9.6 | 165.7 12.3 46.5 3.0 25.7 2.1 19.3 4.7 5.6 .8 17.5 4.8 3.0 1.3
115.1 13.4 | 184.9 7.7 49.4 1.5 25.7 3.2 31. 4 6.1 7.2 1.1 28.7 6.5 5.9 1.8
136.9 17.6 | 200.4 15. 4 51. 4 .9 27.9 3.7 41.2 3.4 8.8 15 37.2 4.6 7.7 1.4
49.1 5.6 | 136.4 7.1 41.6 1.6 21.1 D W T8 R RUPPRROIIES PPN (RSN BN SRR PRI DRNS
54. 4 9.2 | 140.2 8.7 | 417 L7 22.4 £ 0 N R ) PROUIPR PN R FADRR S P,
57.0 9.1 | 143.0 8.2 43.3 1 LT e e e e e
94.5 11.6 | 169.4 9.0 47.8 13.3 4.1 2.5 15. 4 10.0 2.6 [..o...__
118.2 11.9 | 177.3 8.9 49. 5 5.4 7.5 1.0 32.0 5.0 6.4 ... ___
132.1 15.1 | 182.8 9.1 50. 1 6.9 8.7 1.2 39.0 6.8 7.6 | .
61.6 7.9 | 149.3 6.2 | 43.9
96. 8 13.3 | 166.7 8.0 | 47.7
117.1 10.5 | 180.2 7.3 49.9
132.8 12.5 | 189.8 7.7 50. 6

8¢
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The standard deviation indicates the spread or variation of the
individual items which make up the mean or average. In a normal
distribution, two-thirds of the items will fall within the range of the
mean plus and minus the standard deviation. Formulas (1) and (2),
p. 22 indicate the procedure for calculating mean and standard devia-
tion. From these figures it is at once evident that, except for the
length of tail, there is a consistent trend upward within the subgroups
in the means of the characters measured with an increase in age.
Comparable subgroups for males and females are present only in the
9-month animals in 1938 and all ages in 1939. Except for the 9-month
ages, the mean values for males are, in every case, larger than the
females. .

E. A. Goldman, in his report, states that white-tailed deer reach
full maturity at about 5 years. Between 70 and 80 percent of the
deer measured were immature (table 23) and the majority of those in
the mature class were probably between 5% and 6% years old. If a
higher percentage of the animals had been older, making data on the
9%-years-plus age class available, the upward trend in these calcula-
tions ‘might have leveled off at the 5%-year age class.

There does not seem to be any definite trend in the amount of
variation, either by years or district, except possibly sligchtly more
variation in the northern antlers than the southern ones within the
same year and age group. This substantiates the tentative conclusion
made after 3 years of work (9), that the deer herd would be reduced
by some natural cause before any definite genetic herd deterioration
occurred. Further discussion of this point will be found in the section
on the application of results and use of data, pp. 47 to 57.

Table 16 should be studied in connection with these group means,
as it records a precise test of the difference in group means average as
computed by use of formula 4.

If there is considerable variation in the individual items within
a population, the means from two random samples from this popula-
tion might differ considerably. Hence, in order to judge whether or
not two samples may be considered as coming from the same popula-
tion, it is necessary to take into consideration the individual variations
within those two samples. If the means differ significantly, the sam-
ples cannot be said to be from the same population. In the example
given in the discussion of statistical technique, pp. 21 to 30, {=0.94
for a comparison of dressed weight between the 1938 northern and
southern female deer 1% years old. P lies between 0.4 and 0.5. This
means approximately in 4 out of 10 cases a t of this size*might be due
to random sampling only. Roughly, we might say that ¢ should be
at least 2.5 if a real difference exists between the two groups.

Since the population was much denser in the southern district than
in the northern district, the two were analyzed separately and com-
pared to see if differences might be significant. Of the 63 comparisons
between northern and southern males (table 16, columns 2, 3, 4),
17 had ¢ values large enough to be considered as significant. In 7 of
these, the southern animals had the larger means. Only 2 of the 24
comparisons of female northern and southern deer (columns 11 and
12) were high enough to be significant; in 1 the southern average was
larger, in the other the northern was larger. At least one t value
above the limit would be expected, even if all were from the same
population, when as many as 24 samples were taken. It is concluded,
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TaBLE 16.—Values of t in test! of differences in characters measured between
districts and years within age groups for male and female deer

Males Females
Character and age
North vs. North vs.
group South 1936-37 1936-39 1937-39 South 1938-39

. 1936 [ 1937 | 1939 North!South North'South North|South| 1938 | 1939 (North South
1) @@ G |6 O @6 | O |e)|a) | a2 J3) | (14

Dressed weight:

9 months.__.______ 22.84 1.56| _____| - __ |- _____|._____ 24.84/24.83| 1.15 0.97| 3.99| 2.75

134 years____ 2.34/ .55 0.92| 1.69| 0.70, 0.97 .80 1.72 .94/ 2.31] 1.40, 2.85

214-414 years . 2.92( .47 1.03 .98 .05 1.81f 105 .97 . 69 11 3.00( 2.42

514 years and over.| 1.40[ .05 .18 .83 .73 .48/ 1.84| 1.61 .98 2.98 .33 3.89| .52
Length of body:

9months._________| ___. 21,91 2,61 _____| | |___ 23.08/23.68 1.51 .18) 1.93| .93

114 years_._. . S . .58 .76| .05 1.47

216-4Y4 years..___. . 40| . 96| 2.27| .94

515 years and over_|_____ .76 .11) 1,56
Length of hind foot:

9months_________| ____ .29

114 years..__ .

Spread of antler:
134 years.______... 1.66| 3.45/ .71| .04] .47 2.25| .71| 2.13
2Vo-414 . 3.66( 3.20] .67| .94| 1.48 .71 3.33] .23

. 5% yearsand over.| .92/ .95 .34 .23| 2.20, .88 1.81| 1.50

Circumference of main

beam:
115 years.________. 1.75( .49 .72\ .97| 1.41| 3.37| .63 3.34
215-414 years..____ 2.76| 1.56| .13| .88 .29| .83 1.42 .02
5V yearsand over.| .53| .74| 1.29| .95 1.33| 1.92| 1.21 .82
Length of antler:
14 years_. . _____ 1.48) 3.66| 1.11| .04 .37| 2.64| 1.88 2.93
215-4Y4 years.__.__ 2.88( 4.29| .36 52, 29| .01] 2.47| .68

5% yearsanaover_| 1.05 1.24/ .98/ 1.61| .82 1.39| .45 .07
Number of points:

114 years.._____.__ 1.72( 2.70; .02| .39 1.11] 2.66| 1.31| 2.55

2Y5-414 years______ 1.52) 1.89| 1.89| 1.00{ .64 .75 3.90f .21

5% yearsandover_| 3.12| .13] 1.30] 1.03] 3.33] 1.36| 2.95 .75

1¢ =Student test to determine whether two samples belong to the same population.
21938 data instead of 1937.

therefore, that no untoward bias would be introduced if districts as
well as years were combined within sex and age groups in making
the analysis to determine the relationship between age and characters
measured. ‘

The ¢ values, when comparing 1936 and 1937 shown in table 16,
columns 5 and 6, are consistently lower than 2.5, the limit for a real
difference. There is more variation when the 1939 antler figures are
compared with 1936 and 1937, table 16, columns 7-10. The signifi-
cant values of ¢ were for the 1%-year animals. The 1939 antler meas-
urements were consistently smaller for this age than those in the
earlier years. For the other two ages, as shown in columns 2 and 3,
the differences were quite erratic, not always occurring in the same
direction.

LenctH oF TAIL

The length of the tail is of little or no value for discriminating the
age of white-tailed deer. In 1937, length of tail was measured on
142 deer;in 1938 this measurement was taken on all deer in the study,
but was discontinued in 1939 because it was not significant. The
means and standard deviations of these appear in tables 14 and 15
(columns 9 and 10).
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For the 9-month animals, the mean of the females was slightly
larger than the males in the northern district. The reverse was true
in the southern district. As indicated in table 17, the only ¢ large
enough to give any evidence of a real difference was 2.53, and there
the younger deer had the larger mean. In 7 of the 12 comparisons,
the mean of the younger was the larger of the 2.

:

TABLE 17.—Results of the t test when used in comparing successive age groups
for the data available on length of tail

t values for the comparison indicated
Districts
9]1111;1091131515 9 months | 1l4-year vs. %??}Zggg{
female | VS- lV&-year | 2le-dlg-year | "o {'(Cer

1937
Northern. .|| 0.97 1. 62
Southern. . e 0.01 1.97

1938
Northern______.______________ . 1.01 1.11 1.21 1.21
Southern.._______ 0.98 2.53 0.72 0.41

Another test was made on the 1937 data which substantiated the
results of the ¢ test. The sums of squares of the deviations in tail
lengths was broken down into two portions, that due to age and that
within ages, and the F), or ratio test of the mean squares applied (table
18). A discussion of the method used is given in the section on ana-
lytical procedure, p. 24.

For age to be considered as a significant factor in tail length, F
should be at least as large as the F at the 5 percent level. This would
mean a chance of 1 in 20 that so large a difference would be due to
random sampling. In neither the northern nor southern district
was the F' value large enough for significance. These F’s are sur-
prisingly insignificant in size when compared to the F’s for all the
other characters in the analysis to follow combining the data for dis-
trict and year.

TABLE 18.— Determination of F, or ratio test of deviations in tail lengths

: Degrees of Fats
Source of variance freedom Mean square F percent level
Northern district:
Betweenages. . __.________________________ 2 31.69 2.57 3.10
‘Withinages.- ... ________.__ 86 12.33 |
Total - .. 88 | |
Southern district:
Betweenages. ... _____________ 2 24.40 2.54 3.19
‘Withinages. ... ___________________ 50 9.62 ||
Total. - .. 532 U (R PR

DETERMINATION OF THE EFFECTIVENESS OF EAcH CHARACTER FOR
DiSTINGUISHING THE AGE OF A DEER

The fact that for these data, all years and districts within each
sex and age group might be combined without introducing untoward
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bias, made samples for each age class sufficiently large to assure
confidence in the results. The grouped frequency distributions for
each character appear in tables 12 and 13. Figures 17 and 18 show
the corresponding actual probability curves (percent of total in each
class interval). The method for making frequency distributions and
curves was outlined in the first part of the section on analytical pro-
cedures, pp. 21-22.

These curves should be examined along with table 19 which gives
the analysis of variance for each character measured, the mean square
due to difference between age groups, and that within age groups. In
each case, the first named mean square is considerably larger than the
second. Their ratio, called F, ranges in value in table 19 from 218.99
to 941.73. To be significant at the 0.1 percent level—that is, a 1 to
1,000 chance that so large a difference might be due to random
sampling and not to differences in age levels—the largest F' (which
depends somewhat on the degrees of freedom involved) is only 7.20.
Since the smallest F' was more than 200, there is no doubt that each
of these seven characters does vary with age.

TaBLE 19.— Analysis of variance by age groups for male and female deer, 1936 to 1939,

inclusive
MALE
F value
Character and source of Degreesof|  Sum of ) Standard - T
variation freedom |  squares Mean square |’ qociation At 0.1
Observed| percent
level
Dressed weight:
Between ages._._.__._._. __ 3| 509825. 27 169,942 . . 941. 73 5.50
Withinages.._..__.__.__ ____ 906 | 162493.19 180. 456059 |- | ..ol
Total . ... . 909 | 673318.46 ... ... ______ 13.433 | | ...
Length of body:
Between ages____.__..___.__ 3 150086. 41 50,021 Ll .. 548. 93 5.50
Within ages. ... _._______ 498 45387.22 91138990 | ... | ..
Total .. __ 501 195473.63 | ... _._._. 9.5467 | ..
Length of hind foot:
Betweenages. ... _..... 3 4747. 56 1,582.52  f_______._ 495. 67 5. 50
Within ages.._ . .._......___ 498 1589. 9556 3.1926819 | || ...
Total ... ... 501 6337.5256 | ... 1.787 | ...
Spread of antler:
Between ages- - - ... .____ 2 40439. 52 20,219.8 ... 404. 27 7.20
Within ages. .- __.______._.__ 802 40112. 879 50.016058 | ________ | . ______ I
Total . ... 804 80552.40 | . ___.__ 7072 | ... _
Circumference of main beam:
Between ages. ... .. _._._.. 2 1158. 0988 579. 049 I 223. 06 7.20
Withinages. ... ___._.__ 802 1279. 9212 1.5959117 .- | . . ___ I
Total._..__..__.._ R, 804 2438.02 | ________ 1.2633 ... oo
Length of antler:
Between ages. ... ... 2 40104. 15 20,052.1 ... ______ 437.45 7.20
Within ages.._.____._____.__ 802 36762. 24 45.838201 | _____..__ F N (.
Total ____ .. 804 76866.38 | .. .. ... 6.7704 | .. | ...
Number of points:
Between ages___.___...___._. 2 1805. 0013 902, 50065  |o_______._ 307. 66 7.20
‘Within ages_....___.._._____ 802 2352. 5888 2.9334025 | oo || .
Total ..o .. } 804 4157. 5901 . L7127 .




CONDITION OF WHITE-TAILED DEER HERDS 43

TasLE 19.— Analysis of variance by age groups for male and female deer, 1936 to 1939,
inclusiwe—Continued

FEMALE
Dressed weight: i
Between ages. . _____._.__.____ 3| 161626.73 | 50,542 | . _______ 594.11 5. 50
Withinages. .- ... ____. 421 35814.95 85.071148 | | ..
Total ... ______ 424 187441.68 | ... ___ 9.224 | _________ e
Length of body:
Betweenages_ .. ____________ 3 58548.68 | 19,5616 ~  |__._______ 245. 56 5.50
Within ages_______._________ 421 33459.77 79.4768806 |||
Total ..o .. 424 92008.45 | .. ... 8915 | |
Length of hind foot:
Between ages._____.________ 3 2231.71 77724 | L. 218.99 5.60
‘Withinages. . ______.______ 421 1494. 24 3.5492596 |- | |
Total ... . 424 3825.95 | .. .. __ 1.884 | | .

The within sums of squares were pooled by age groups. For this
to be a valid procedure, the age-group variance must be considered
equal. Reference is made to the standard deviations in tables 14 and
15 and to figures 17 and 18. While there was some variation, partic-
ularly for dressed weight, it was not believed sufficient to cause any
disturbance in results. The mean square resulting from the pooled
within sum of squares yields the best estimate of the variance. The
square root of this is the standard deviation, indicated in table 19.

SINGLE CHARACTER

Although table 19 shows that the several characters vary materially
with age, it does not give the answer to the question of how much of
an error might be made if the age of the individual deer was based on
any one or more of these characters. If a deer were always an average
animal, it would be possible to give its age group accurately. These
mean values of each character for each age group appear in table 20.
The frequency distributions (tables 12 and 13, figures 17 and 18) and
the standard deviations (table 19) indicate considerable variation in
measurements for the deer in any one age group. The standard devia-
tion for each is found in table 19; 1. e., for dressed weight of males it
is 13.433, etc. The accuracy of age predictions when using a single
measurement was based on these standard deviations (see p. 46).

TaBLE 20.— Means (average) of the several characters measured in the 4 age groups

[For the sample of male and female deer used in the analysis]

Age class

1 (9 months) | II (115 years) I (2)¢-4}5 | IV (5}s years

vears) and over)
Males ... number._ 105 64 179 154
z1 Dressed weight - ...-...pounds.. 54. 342860 95. 390625 118. 502793 135. 006494
22 Length of body centimeters. . 140. 888578 167. 754688 179. 900000 187. 340909

23 Length of hind foot__

B 42.273335 47. 548438 49. 605028 50. 322078
24 Spread of antler_____________

17.973438 34. 222346 41. 540260

x5 Circumference of main beam_ _ 4. 839063 7. 530168 8.975325
X6 Length of antler. S - 15. 878125 31. 789385 39. 639610
27 Points. .. ... ... O 2. 937500 6. 513966 7.720779
Females - ... - 111 54 130 130
21 Dressed weight . ______ _______ pounds. . 51.225225 79. 851852 90. 600000 98. 815385

22 Length of body .. -.centimeters. . 138.347748 157. 083333 161. 328462 168. 600769
z3 Length of hind foot ... do___. 41. 463063 45. 659259 46. 128462 47.452308
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The procedure is straightforward. One-half the difference in the
means (table 20) for two consecutive age classes is divided by the
standard deviation. From table I, Fisher and Yates Statistical
Tables (4,) the value of P corresponding to the preceding quotient
is found. Since this is the probability of an observation falling out-
side the range —z to -z, and the interest is in one tail of the curve,
one-half of P may be taken for.the chance of a deer falling above or
below the midpoint between age groups—above the smaller age class
or below the larger one when judged by one measurement. For the
second and third age group, the total probability of making a mistake
will be the sum of two probabilities. For example, the chance of
making a mistake in classifying a 1}4-year deer will be the probability
of its being classed in the 9-month group, plus the probability it will
be put in the 2}%-4}%-year age group.

In table 21, appear the resulting probabilities for each character
measured. Using all 4 age groups for males, if dressed weight alone
were used, there would be 6 chances out of 100 of putting a 9-month
deer in the 1%-year class, 27 of misclassifying a 1}4-year deer, 47
for the 2%-4%-year deer, and 26 for the overage animals—not a very
precise estimate, but the best of the 3 body measurements.

Since 9-month old deer do not have antlers, including them when
using antler measurements would seem to distort the picture. In
the first section of table 21 they have been omitted. Number of
points continue poor, but now length and spread of antler are both
better measures than circumference of main beam, with length
slightly better. Columns 10 and 18, which will be interpreted later,
give an over-all evaluation of the several probabilities. The larger
this figure, the better is the character it represents.

With female deer, dressed weight, although the probabilities are
too high to be satisfactory, is much better than either of the other
two characters.

COMPOUNDS OF TWO OR MORE CHARACTERS FOR DETERMINATION OF AGE

Preliminary tests were made in order to select those characters
which would seem to yield the most desirable function, and it seemed
desirable to use as few as possible. Since all the characters are
influenced by age, table 19, and the association between characters is
considerable, then the selection should be on the basis of the greatest
independent variation. This would be a combination of those which
have the greatest influence on all others and the ones which have the
least association with the others. In the case of the male animals,
length of antler seemed to have a closer relationship to the other
measurements, while length of hind foot was the most independent.
However, it was thought worth while—for the purpose of comparison
and possible practicable use of the analysis—to present the results
from a series of different combinations of characters, some of which
were not the most promising, as shown in table 21. Since the
9-month animals were antlerless, two separate analyses were made of
the male deer—one comparable to the female deer including all age
groups, but considering only the three body measurements; while in
the other, the 9-month old animals and the influence of all characters .
except number of points were examined; the latter character was
omitted because preliminary tests had shown it to be of little value.
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The statistical details of the procedure followed in computing the
discriminant function, finding its standard deviation, test of the
characters represented, and an over-all evaluation of its effectiveness
are described in the section on analytical procedure p. 26. The
probabilities for misclassifying deer of the different age classes, based
on each discriminant function considered will be found in table 21.

INTERPRETATION OF THE SUMMARY FIGURES

Table 21, in which are assembled the summary figures for an
appraisal of the efficiency of the single characters and their several
combinations for determining age of deer, is made up of two major
parts. The first half of the table gives the results from data for the
three upper age classes of males, those deer with antlers, based on 397
animals; while the second half is from data in which all four age classes
were represented, 502 male and 425 female deer. Animals in the
9-month class, being antlerless, were not included because they would
have distorted the results reflecting the influence of antlers.

Columns 7 to 9, and 14 to 17 are the probabilities for misclassifying
deer by age groups when particular character combinations are used.
For example, when the three body measurements are used, there are
7 chances out of 100 of misclassifying female deer 9 months old, 38
out of 100 for 1%-year animals, 63 out of 100 for 2%-year animals, and
32 out of 100 for mature deer. The smaller the probability, the more
precise are the age determinations. Columns 10 and 18, with heading

U is the ratio of the slope to the standard deviation of the function.
It is an over-all measure of the effectiveness of the function. The
larger the U, the better it discriminates age.

A careful study of table 21 leads to the following conclusions:

From a strictly statistical standpoint, no single measurement or
combination of measurements discriminates age with any high degree
of precision for the middle ages. Of the body measurements, dressed
weight is better than either of the other two; adding one or both of the
length measurements does not improve the precision of estimate
perceptibly. There is no difficulty in determining the age of the 9-
month old group.

Any one of the antler measurements, except number of points, is
better than dressed weight. In the three-age analysis, the length of
antler is the best single measure. Combinations of two antler meas-
urements give better estimates than one alone, the spread and length
of antler being the best; but increasing the number of measurements
over two does not improve the estimate. A slightly better compound
of two is one body and one antler character, preferably length or
spread of antler. The U for the combination, length of hind foot and
length of antler, would seem to be as effective as a compound in
which dressed weight was the body measurement selected.

The best combination of three is length of hind foot, spread of
antlers, and length of antler. No advantage is gained by including
the circumference. In dealing with the mature deer, the chance of
misclassifying is only slightly less when a compound is used instead
of any one single measurement. The greatest improvement of the
compound, discriminant function over the single character is in the two
middle age groups of male deer.
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TaBLE 21.—Probabiltires of misclassifying male and female deer for various com-
binations of characters and ratio test of function

Three age groups only (9-month deer omitted)?! All age groups ?

Probability of

Probability of mis-
misclassification

classification

t

Spread of

Dressed weight
Length of body
Length of hind
0o
antlers
Circumference
of main beam
Length of
antler
Dressed weight
Length of body
Length of hind
foot

II3 [ IIT4IVS| USs I7 |[II3|IIT 4| IVs| U

|

~
=
=
—~
nN
-~

@ | @ | ®

~
)
<
—
~
[

® | ® | 1o

~
(™
—_
=

(12

—~
=
«%

N

a4) a5 | ae) | an | as)

Males

Single character .
Single char-
acter

Three char-
acters
ol 12 | .39 27
* 09 1.36 | .27
* ol 10 | .37 27

Females
Three characters
Single character
__________ .18 | .46 | .28 | 10.09 * ... |.06| .34 .61 .33 8.59
* oo .11 36 |.25|12.65 |_____ * ol .15 56 7 34 5.48
* 09 |.33|.24 | 13.42 | ___ | ____ * 13 58 81 36 5.12
* 08 34 | .28 | 13.53 | o\
Four characters Two characters
* ol ¥l oo 11 .36 | .25 | 12.67 | * o .06 |.35| .61 | .32| 8.69
* A R B I * 1,09 .33 | .24 13.46 | * |.____ * .05 .34 61 32| 8.68
* ol * ol * 09 34 | .25 | 13.80 |.____ * * 11 53 75 33 6.
A I N * * * 10| .34 | .24 [ 13.48 |_____|.____ [N DR S PR B R
. Three char-
Five characters acters
A P * * * * |.08].33|.2513.86 | * * * 1.06 .36 .61 | .31 8.76
1 N=397 5 IV =534 years and over.
2 N males=502; N females=425. 8 U=ratio of slope to standard deviation of the function.

3 II=11% years. 7 I=9 months.
4 ITI=2 14 to 414 years. *=indicates character grouping.
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The statistical analysis shows that there is a great deal of individual
variation in each age group. These data are believed to be applicable
to the Allegheny National Forest deer herd, but they will not apply
to all white-tailed deer of the subspecies (Odocoileus virginianus bore-
alis). However, the method outlined in the section on the application
of results, pp. 47 to 57, for obtaining the necessary data for practicable
deer management is believed applicable to any herd of the same sub-
species and probably to all subspecies of Virginia white-tailed deer.

In selecting the best character for determining age, the probable
accuracy which can be obtained under field conditions and the
attendant zoological factors, as well as the mathematical precision
must be considered. These points are covered in some detail in the
next section.

APPLICATION OF RESULTS AND USE OF DATA IN
PRACTICABLE DEER-HERD MANAGEMENT

Good deer-herd management requires a knowledge of the distribu-
tion of the herd by age groups. For such practical purposes, a single
measurement is recommended on the basis of the results of the detailed
analysis of the data.

It would be preferable to select a measurement that is easy to obtain
and one that is not likely to be subject to excessive annual variation.
This choice of a single measurement is important because the basis
for calculation (age and one measurement) will be collected for only
one relatively small sample for a single year. Data collected over a
period of as long as 5 years eliminates the significance of annual
fluctuation as shown from the results of this study.

It is considered necessary to determine the range of measurement
for each age group for the deer herd or locality, because an analysis
of data from other localities on the same subspecies of white-tailed
deer indicates that all measurements may be uniformly larger or
smaller. This fact does not seem to effect the relative accuracy of
any one measurement as an indicator of age. For example, Caha-
lane’s beam-diameter method () for determining the age of white-
tailed deer in Michigan was applied to Allegheny deer, and it was
found that the average white-tailed deer on the Allegheny National
Forest of any given age class had antlers of a smaller diameter than
the average white-tailed deer of the same age in Michigan. A
comparison of measurements for each age class for both herds, accord-
ing to the same formula used in the beam-diameter method, shows
considerable uniformity. This further substantiates the conclusion
that a method for determining age can be worked out for any group of
deer based on a single measurement that would be statistically ade-
quate and would be applicable, for all practicable purposes of manage-
ment, for deer from that locality, but would probably not be applicable
to deer from another locality. For example, Cahalane’s method
could be used on the Allegheny herd, but first a series of actual
measurements of Allegheny deer would be necessary in order to
establish the beam diameter sizes for each age group.

An appraisal of the measurements taken from a management stand-
point during the course of this study will be found helpful in the
selection of the measurements most applicable to a given condition
(table 22).
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TaBLE 22.—Mean (average) weights and measurements of sample deer by age classes
(summary) !

Average weight or measure

Size of :
Circum-
sample | progeedq | Length | Length sz?ad ference | Length

weight | of body of hind of main of

Age class, sex, and year

foot antlers beamn antler
@) 2 (&)] 4) (5) (6) (7 ®)
Centi- Centi- Centi- Centi- Centi-
514-year group: Number | Pounds | meters ‘meters ‘meters meters meters
Males—1936__ - - __________ 45 135.81 | |- 42,97 9.35 41.31
1937 70 136.76 190. 25 50. 45 42.22 8.97 38.43
112 132.33 184.70 50. 26 40.55 8.76 38.99
227 134.39 186. 83 50.33 41. 54 8.94 39.28
Females—1938__________._.._ 85 97.38 167. 66 47.43 |||
1939 .. 45 101. 53 170. 38 47.49 |||
Total females. . _._.._._.. 130 98. 81 168. 61 47.45 | ||
214- to 414-year group:
Males—1936. - _____. 191 115.30 || ... 31.65 7.40 29.34
1937_ - 154 118.00 181.35 49.55 33.28 7.37 30.78
1939 ... - 107 117.67 178. 61 49.66 34.27 7.50 31.83
Total males_.__ - 452 116. 78 179.72 49. 61 32.85 7.41 30. 42

84 89.13 159. 87 45.61 | __

Females—1938_.
1939_. 46 93.22 164. 00 47.08 |

Total females. . ..__._.._ 130 90. 60 161.33 46.13 ||| .. _
1}4-year group:
Males—1936_ ... 27 99.78 | . | ... 22.89 5.81 17.88
19 76 94.00 167. 61 47.48 21.03 5.61 19. 2
37 95. 81 167. 86 47.78 16.08 4.32 13.81
140 95. 59 167.75 47.63 20. 08 5.31 17. 52
21 79.19 155. 50 45.48 || |aa LR
33 80. 27 158. 08 45.77 ||
Total females. .. _.._.._._. 54 79.85 157.08 45.66 |- . || ___

9-month group:
Males—1938 69 51.94 138.43 41.65
1939 : - 36 58.94 145.63 43.55

105 54.34 140. 89 42,27 |

75 49.73 137.22 41.16
36 54.33 140. 71 42.10

111 51.23 138.35 41.46 || eeeoe e
Total ... ... L V7 1 RSN PROUPIPSSIIPN PRSPPI ISP SR [

1 Data for 1935 is not included because age was not taken. The 438 deer weighed and measured in 1935
would make a grand total of 1,787 animals.
2 Includes 924 males, 425 females.

APPRATSAL OF INDIVIDUAL MEASUREMENTS
AGE

Deer weights and measurements data without age have very limited
value, because all measurements increase with age up to at least
maturity (see tables 20 and 22). If, for example, average weights are
known, no definite assumption can be made as to the reason for an
increase or decrease in average weight. If the investigator could
ascertain that the mean (average) age for each sample was the same,
then age might be disregarded, but in this event it would be exceed-
ingly valuable to know the distribution of age classes in the herd.
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Table 23 shows the percentage of mature and immature animals for
the Allegheny National Forest by years based upon the data collected.
Approximately 75 percent of the animals were immature and the
other 25 percent were probably not over 6% years old. During the
whole 5-year period, 20 animals or less were found that could be
classed in the 9%-year-plus age class. There is, as would be expected,
a substantial increase in the number of mature deer following an
antlerless deer hunting season. When a high percentage of the deer
herd is immature animals, sportsmen cannot expect to bag many good
heads. In analyzing the data by management units, it was learned
that, generally, more mature deer were found in the areas having the
smallest number of deer. This is attributed to the fact that the
greater part of the hunting is done in the sections where the deer are
most plentiful, thereby upsetting the normal progression of age groups

TaBLE 23.—Percentage of mature and immature antmals by years

Mature Immature
Year X .
514 years 2/;;;’;;4 114 years Total
Percent Percent Percent Percent

1986 - . 17.4 72.3 10.3 82.
1987 - 23.8 51.0 25.2 76.2
1939 1 . 43.8 41.8 14.4 56.2
3 year average......_. 28.0 55.0 17.0 72.0
1938 (without fawns) . _______________ ___________ 47.8 41.8 10.4 52.2
1938 (fawns included) - - - 27.8 24.3 6.2 272.2

1 Female deer weighed and measured during the 1939 season were not included because the season on
antlerless deer was not forest-wide.
2 Includes 21.7 percent female and 20 percent male fawns.

DRESSED WEIGHT

The variation in weight of legal male and female deer, excepting
fawns (table 24), is definitely influenced by the percentage of animals
in the older age class. For example, the weight of legal male deer
jumped from 116 pounds in 1937 to 121 pounds in 1939 following an
anterless deer hunting season. The reason for this increase is readily
explained by table 23, which shows that in 1939, nearly 44 percent of
the kill was mature deer. This is practically double the percentage
of mature deer for 1937. The same thing is true for the female deer
for the years 1938 and 1939, the weights being 92 and 93 pounds; and
the percentage of mature animals, 47.8 and 43.8, respectively, com-
pared lto the 1936 average weight of 87 pounds and 17.4 percent mature
animals.

TaBLE 24.—Average (dressed) weight for legal deer, 1935-39

Year
Deer
1935 1936 1937 1938 1939
Pounds | Pounds | Pounds | Pounds | Pounds
Male . 112 117 116 | 121
Female .. _________ ... 87 | oo 92 93
Male fawns1___. i1 71 PO IS 52 59
Female fawns ! [ 3 P 50 54

1 Up to 9 months,
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A comparison of weight by years, as shown in tables 16 and 22,
indicates that annual variation in weight of female deer in the same
age class reflects food conditions. The ¢ test (table 16) shows that the
male weights are not significantly different by years. This is probably
because all weights were taken during the hunting season, which fol-
lows rut. However, the female weights are very significant, the weight
of females being therefore a better index of environmental conditions
than the weight of males when weights are taken following the rutting
season. In table 22, the weights for female deer in all four age classes
are consistently higher in 1939 than in 1938. The 1939 season (spring,
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Ficure 19.—Frequency curves of antler measurements of the sample male deer
within age groups for 1936, 1937, and 1939.
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summer, and fall) was an excellent food-crop year, and 1938 was a
poor food-crop year.

There is some correlation between weight and acres per deer as
was indicated in the report based on 3 years’ work (9); but the analysis
of 5 years’ data shows that this is influenced more by age than by food
conditions. (See F testin table 19 and mean value in table 20.)

It is very evident from the findings presented herein that average
weight alone is not a true indicator of the physical condition of a
deer herd. However, with the addition of age and sex, it provides a
very good indicator of physical condition of the herd.

On the basis of the statistical analysis in the section on statistical
analysis of data, pp. 31 to 47, dressed weight is one of the best single
body measurements for discriminating age, although the difference in
precision between any two of the measurements, except length of tail
and number of points, is too small to be consequential, insofar as its
practical application to deer-herd management is concerned. Weigh-
ing a large number of deer carcasses is a rather costly undertaking,
and uniform or consistent results are usually difficult to obtain because
of the variation in the way carcasses are dressed out. For example,
on the Allegheny Forest some hunters left in the heart, lungs, and liver,
while others took them out, and still others took the liver and left the
heart and lungs. Unless each carcass is examined and the proper
allowance is made, the result will not be very accurate.

It bas been thought by some that younger animals fatten more
readily than older animals, but the average gain in weight of the
female deer during a good food year over a poor food year (1938-39,
table 22) was 5 pounds for 9-month old deer; 3 pounds for 1)-year
old deer; 4 pounds for 2}%- to 4%-year old deer; and 4 pounds for the
5%-year and older deer. There is, therefore, apparently little dif-
ference in the fattening ability of mature and immature animals.
The weight of fawns born following hard winters was considerably
less than those born following normal winters.

The difference in the behavior of weight magnitudes in males and
females is interesting. The females seem to attain maturity in
weight at an earlier age than do the males. The distinction between
the two upper-age groups is not so marked as in the males.

LENGTH OF BODY

This character was not the best statistical indicator of age, even
though zoologically it is a very stable measurement because it is not
influenced by temporary changes in the physical condition of the
herd. In the field work, however, it was found that the position of
the head and neck affected the total-length measurement materially.
For this reason, it is not the best measurement to select for age
determinations. The extreme variability in length of body may be
partially attributed to the difficulty in taking the measurement.

LENGTH OF HIND FOOT

The analysis showed this character to be the most independent
measurement of all; and since all characters are influenced by age and
the association between characters is considerable, some consideration
should be given to the character baving the greatest independent
variation, especially if a single measurement is used as a basis for age
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determination. Zoologically, the hind-foot measurement is as stable
as the length of body and it is an easy measurement to take. It can be
taken readily by any one, with a high degree of consistent accuracy,
the chance for error being extremely slight. It is not affected by the
condition of the carcass and could be taken accurately even on decayed
carcasses, and after the body had disintegrated considerably.
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Ficure 20.—Frequency curve of the length of the hind-foot measurements of the
sample male deer for 1937 and 1938, and female deer for 1938, by age groups.

LENGTH OF TAIL

This character is similar to the number of points. It was such a
poor indicator of age that it was not included in the final computations.

ANTLER MEASUREMENTS

The computations for this group of deer indicated that all antler
characters, except the number of points, were good indicators of age.
Statistically, the three measurements, circumference of main beam,
length of antler, and spread of antler, were of almost equal value,
length of antler being the best single measurement. Zoologically, all
antler characters are very sensitive to the physical condition of the
animal (2). A study of the statistical analysis by years shows a great
deal of variation in antler measurements. For example, the 1939
antler measurements were consistently smaller than those of previous
years for the 1%-year old class. In the other two age groups, the
variation was very erratic, not always occurring in the same direction
(table 22). The measurements for the entire 5-year period averaged
up very well. This may or may not have been a coincidence, but it
is very evident from the results of this work that all antler characters
are sensitive to changes in the physical vigor of the individual animal
and the herd.

Prorosep METHOD FOR AGE DETERMINATION

To sportsmen, the trophy (antler) is all important, but the game
manager is interested in finding the most practicable and reliable
guide to the condition of the herd so that he can manage it to produce
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annually a relatively high percentage of good trophies. He is in-
terested in obtaining the essential information about a deer herd with
a minimum expenditure of time and money. By using the procedure
outlined herein, this becomes possible as the following can be as-
certained:

1. Percentage of mature and immature animals (deer in each age class).

2. Physical vigor of animals.

3. Sex ratio of mature and immature animals.

4. Distribution of hunters and kill.

5. Annual increase.

6. Percentage of adult does producing fawns. This can be determined by ob-
taining number of lactating females as the mammary glands of animals that have
suckled young during the current year contain milk as late as December. The
s1ze of the glands is also a good indication.

7. Percentage of decrease for each sex and age class through hunting effort.

Since the collection of data is usually limited to deer bagged during
open season, the type of season limits the extent and value of the data
collected. For example, on the Allegheny National Forest the sex
ratio of mature animals could not be obtained very accurately from
the sample weighed and measured during the 5-year period covered
by this study, because the seasons for hunting antlerless deer were
shorter than seasons for legal male deer. It is possible to obtain all
of the information (items 1 to 7), provided the open hunting season
is for both sexes and all ages during the same period, or the equivalent
of equal hunting pressure for both sexes and all ages.

The proposed procedure is made up of two distinct phases, both of
which involve sampling of the herd under management. The first one
is the determination of the range of the measurement for each age
group and the second is the use of these standards in classifying deer.
Both must be based on adequate sampling. In the first phase, in
addition to the selected measurement and sex, the age of each deer
must be precisely determined, although afterward this is omitted.

A. The several steps for determining the age group ranges the first year
are as follows:

Step 1.—Obtain sex, age, and one measurement on an adequate
sample of the deer herd.

Step 2.—Test the adequacy of the data for this method by preparing
frequency distributions and drawing the resulting probability curves.
The procedure for this has already been described, pp. 21-22.

Step 3.—Compute the mean (average) of the selected measurement
for each of the age classes within each sex. This will be the sum of the
measurements divided by the number in the group.

Step 4.—Set up the range for each age group. This will be based
on one-half the difference between the means of two successive age
groups. However, it may be best to shift the theoretical ranges some-
what to put them in line with the values read from the graphs.

Step 5.—Following the technique outlined, pp. 43 to 47, the prob-
ability of misclassifying a deer on the basis of these ranges may be
exactly determined. These should be computed for each group.

B. Use of age-group limits or ranges to determine age distribution of
deer herd wn future years.

Step 1.—Obtain sex and the one measurement on sample from the
deer herd under management.
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Step 2.—After the data have been sorted by sex, arrange the meas-
urements in order of magnitude and divide at those points determined
under A for limits of the age groups.

Step 3.—Make a count of deer within each segment for the age dis-
tribution of deer in the sample. This will be an estimate of the pro-
portionate distribution of the deer population by ages.

Theoretically such an estimate i1s at best very rough, as will be
seen in a study of the example which follows.

For the first phase of the method it is:essential that the sample for
each age group is representative of the deer of that age. For sub-
sequent samples it is also important that the sampling method, in
addition to this, insures an equally likely opportunity for all deer of
whatever age to be selected, depending on their frequency of repre-
sentation. The sample must be a cross section of the herd by age
distribution as well as within the age group.

One outstanding limitation affecting the accuracy of this method
is that the greater the diversity in number within the age group, the
less precise are the results. If all age groups are equally represented
then the estimates will be fairly good; but where two successive age
groups differ widely, the number in the larger group will be under-
estimated unless the age group in the other direction is equally larger.
This fact should be taken into account in evaluating the results.

C. Illustration of procedure.

The successive steps in the procedure just outlined, using the length
of hind foot measurement for both male and female deer, may be
illustrated. The data for the earlier years, 1937 and 1938 for males,
and 1938 for females, will be the basis for section A, the setting up
of age-group ranges; and the 1939 data will be used for section B, the
application of these ranges to estimate age distribution. Fortunately,
the age distribution of the 1939 sample is known so the precision of
this method can be tested. Referring to A, the first part of the pro-
posed method, and considering the data for male deer:

Step 1.—The 1937 and 1938 (9 months only) samples were combined—
as the basis for determining age-group limits for male deer—with the
number in each group in the order of increasing age, or 69, 27, 72,
and 42, these being the only male deer of which all measurements
were made in those years.

Step 2.—Arranging the deer within each age group in the order of
magnitude of the length of hind foot, actual counts are made for each
class interval shown in table 13. The percent each count is of the
total is then computed. These frequency distributions are shown
graphically in figure 18. The midpoints of the class intervals were
plotted along the base line, the percents corresponding to these mid-
points on the vertical axis. Since age groups 11T and IV show little
difference, their combined graph is also given

Step 3.—The mean for each age group was next computed. They
were: :

Group Mean (centimeters)
U 41.7
T .- e 47. 1
TT e 49. 5
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Step 4.—The computed upper limit for group I will be 41.7-+
1111___‘1};2244'4; for group II,47.14 f]:—g—é—_~4£:4:8.3 ; for group 111,

2 2
49.5+ 50‘4'2_&:49.9.

Adjusting these figures to be consistent with the graph and fre-
quency distribution table, will yield the estimate of the ranges:

Group Range (centimeters)
I . below 44.9
11 ... 45.0-47. 9
Iy . 48.0-50. 9
IV e 51. 0 and up

It is very evident that the two upper groups cannot be segregated
satisfactorily on the basis of the hind-foot measurement. The
standard deviations, had they been computed as suggested earlier,
would have likewise indicated this.

Combining the two age groups in question and computing new
means and ranges, proceeding as before, yields:

Group Mean (centimeters) Range (centimeters)
) 41.7 ] " below 44.9
) 471 . 45.0-47. 9
IMTland IV____________ 49.9 __ o ______ 48. 0 and up

Step 6.—How well the established ranges divide the original data
into age groups may be tested by a standard procedure which will be
outlined under D. Also since the age information is available on the
1939 data, which will be ranked on the basis of these limits, the test
will a%e made later on how well the predicted coincides with the

_actual.

D. Use of the age ranges determined under A to estimate age distribution
of 1939 deer.
Step 1.—Length of hind-foot measurements on the 292 male deer in
the 1939 sample.
Step 2.—Arrange data in order of magnitude and make a count
within the ranges set up under A for the four groups.

I 11 111 v Total
Predicted.-.____ . ______________ 32 46 128 86 292
Observed. - ___________________ 36 37 107 112 292

How closely the predicted is in agreement with the observed is judged

. __ (Predicted —Observed)?
by the chi-square (x?) test, where x*= Observed

This is computed for each group and summed. It is clear that the
more closely the predicted agrees with the observed, the smaller
will x* be. Entering a x>-table with n one less than the number of
groups, n=3 for four groups and n=2 for three groups, the probability
P corresponding to our computed x? is read (4, Table IV). This will
be the chance that so large a x* may be due to random sampling.
A small x? is associated with a large probability, indicating a good fit.
Any probability less than 0.10 (1 chance in10) will indicate a poor fit.
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Now testing the agreement of the predicted distribution for the
four age groups with the observed distribution,

L (36—32)? | (46—37)? , (128—107) , (86—112)®
=3 T 37 T 107 T 112
—0.444+2.18944.12146.036

—12.789

For n=3, a x? this large is associated with a probability less than 1 in
100, this is P<{0.01. This very definitely indicates a lack of agree-
ment. In other words, the proposed plan did not properly classify
the deer into four age groups.

It will be noted that the greater part of the discrepancy was in the
two upper age groups, these two x¥s adding to more than 10. Com-
bining these two groups a new x? can be computed. The first two
groups remain as before, although this is not necessarily true for
age-class II. Predicted are 32, 46, and 214. Observed are 36, 37,
and 219. x?=0.444+2.189+40.114=2.747. Now n=2 and P lies
between 0.30 and 0.20, which indicates a satisfactory agreement of
predicted with the observed distribution of deer by ages.

E. For the female deer under A:

Step 1.—The 1938 sample of 265 deer for which age and hind-foot
measurements were available consisted of 75 animals in age-class
I, 21 in II, 84 in III, and 85 in IV.

Step 2.—In table 16 and figure 18 is shown the distribution of the
animals on the basis of length of hind foot.

Step 3.—The means for the age groups are: 1, 41.2 cm.; 1[, 45.4
cm.; ITT, 45.6 cm.; IV, 47.6 ecm. Since groups II and IIT have prac-
tically the same means and the curves are very close together, the
two are combined. The ranges will then be: I, below 43.5 cm.; II
and III, 43.5 to 46.5 cm.; IV, 46.6 cm. and up. The predicted age
distribution of the 1939 deer on this basis are 34, 51, and 75 as against
observed values 36, 79, and 45. The x? value is 30.104 and P less
than 0.01. 7" °; indicates an extremely poor consistency of results.

Combining . .stead, the two upper-age groups (which scarcely
seems reasonable on the basis of the curves alone, but which other
information does justify) gives:

Group Mean (centimeters) Range (centimeters)
1 _____ 412 ___ Below 44.0
o 45.5_ . 44.0-45.9
IMland IV_______________ 46.5_ _ _ _ _____________ 46.0 and up

The distribution of the 160 deer in 1939 will now be 34, 30, and 95
against 36, 33, and 91. Now x?=0.560 and P lies between 0.80 and
0.70, sufficiently large for consistency.

This procedure was likewise applied to the dressed weight, length
of body, and length of antler (males). An appraisal of the results
for males follows:

1. Length of hind foot is reasonably satisfactory with two upper-age classes
combined; P lies between 0.30 and 0.20.

2. Dressed weight was reasonably satisfactory with four age groups; P lies
between 0.20 and 0.30. Combining the two upper-age groups gave a bimodal
-eurve, which is not satisfactory.

3 Length of body is unsatisfactory.

4. Length of antler is reasonably satisfactory, as P lies between 0.30 and 0.20.



]}
~1

CONDITION OF WHITE-TAILED DEER HERDS

An appraisal of the results with females shows:

1. Length of hind foot is satisfactory when 2%4-4%4-year and 5l4-year-plus are
combined, for P lies between 0.80 and 0.70.

2. Dressed weight is satisfactory when 2%-4%-year and 5%-year-plus are
combined, for P lies between 0.70 and 0.50.

3. Length of body is unsatisfactory.

Hence, for males there seems little choice among dressed weight,
length of hind foot, and length of antler except that length of hind
foot does not differ in the two upper-age groups; for females, either
dressed weight or length of hind foot may be used, but only for dis-
criminating three age groups—9 months, 1% years, and 2% years
and over.

Because of the speed and accuracy with which length of hind foot
may be measured, it is recommended as the most satisfactory to use.
It 1s highly desirable to have as large a sample as possible, 250 to
300 deer seeming to be acceptable as a minimum. It is not as essen-
tial that the initial sample be large as it is for the subsequent ones,
provided, of course, it is truly representative within each age group.
Neither does the size of the age groups therein need to be in exact
proportion to their representation in the population from which the
sample is drawn. The reverse must be true for the later samples.
There are certain pertinent facts and limitations in the use of this
method which should be pointed out and emphasized. Statistically,
at best, it would be classified as a rough approximation, but from
the standpoint of practicable deer-herd management, it exceeds, or
equals, in accuracy any known practicable method of obtaining neces-
sary information on deer herds. The accuracy of the method is, how-
ever, materially limited by the adequacy of the sampling both as to size
and representativeness. This is true both for the initial sample from
which the age ranges are determined and subsequent samples to
which the ranges are applied. It is very essential that such subse-
quent sampling provide distributions of age groups comparable to
those in the population. The more nearly the age groups become the
equal in size, the more precise the estimate. Disparity in age sizes
will, in general, be underestimated.

A great deal of care needs to be taken to insure accuracy in meas-
urements in the last figure recorded.

The importance of a thorough analysis of the initial sample used
in setting up the age-group limits cannot be too strongly emphasized.
Frequency distributions of measurements within each age class
should be made, care being taken to choose the class intervals so
that the most of the numbers will tend to cluster around the midpoints
of these intervals. These distributions should be plotted as in fig.
18. Standard deviations should be computed and the significance of
the differences in means of successive age groups tested. Likewise,
the x? test, as illustrated herein, should be made to determine how
well the estimated limits will segregate the original sample into age
groups. The results from such an analysis will serve as a basis for
judging whether or not it will be worth while to take the subsequent
years’ samples where only sex and single measurement are recorded.
It would be a waste of funds to continue further after the initial
sample has been made, unless it has shown iteslf an effective tool
for segregating deer into age groups. Hence, the necessity for its
early careful evaluation.
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CONCLUSIONS

During five consecutive hunting seasons (1935 to 1939 inclusive)
on the Allegheny National Forest in Pennsylvania, 1,787 deer were
measured. The measurements taken included dressed weight,
length of body, length of tail, length of hind foot, circumferences of
main beam, length of antler, spread of antlers, and number of points.

Provided the sample is representative, deer weights and measure-
ments data can be a reasonably reliable basis for the determination
of annual increase, percentage of mature and immature animals (age
classes), sex ratio of mature and immature animals, percentage of
adult does producing fawns, distribution of hunters and kill, and per-
centage of decrease for each sex and age class through hunting effort.

The accuracy of such information is dependent upon the adequacy
of the sample obtained. An adequate sample should include a good
cross section of the herd, including both sexes and all age classes,
taken under equal hunting pressures, preferably during seasons open
to the taking of both sexes and all ages.

Deer weights and measurements data without age have limited
value as a basis for determining facts essential to good herd manage-
ment. Age for data previously collected can be determined by follow-
ing the method outlined heren.

There is a great deal of individual variation in white-tailed deer
but the measurements taken—except length of tail and the number
of points—increased with age for the four age classes considered.

For all practicable purposes of good deer management, a method
has been proposed for determining age which would be a sufficiently
accurate indicator of age for amimals from a particular locality or
herd for an indefinite period if based on any one of the body measure-
ments, except length of tail and dressed weight, or until such time
as some change occurred which affected the physical condition of
the herd if based on dressed weight, or on any one of the antler
measurements except number of points. Dressed weight and antler
measurements are sensitive characters, which reflect to a considerable
degree, the physical condition of the herd and therefore, are not as
stable as body measurements for determining age. Weight and
antler measurements are good indicators of the physical condition
of a deer herd.

The weight of female deer is a better indicator of physical condi-
tion than the weight of male deer when weights are taken after the
rutting season.

Average dressed weight without age and sex is not a true indicator
of physical condition.

Actual genetic herd deterioration (body measurements), so far
as could be ascertained from this study, does not occur before natural
balances reduce the herd to normalcy.

Of the measurements affording reliable indices of age, length of
hind foot is preferred, because it is the one that can be taken with
the greatest accuracy by anyone.

By application of the procedure outlined herein, necessary infor-
mation for good deer-herd management can be obtained without
carrying on exhaustive and expensive deer weighing and measuring
projects.
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